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California’s Central Valley agricultural landscapegrovide several important
wintering regions for Pacific Flyway sandhill craftg&rus canadens)gopulations;
however, the value of those regions is being commed by urban expansion, other
developments, and conversions to incompatible troges. GreaterQ. c. tabida and
lesser sandhill crane&( c. canadensjgoth have special conservation status in
California; the greater is listed as threatenedthrdesser as a bird species of
conservation concern by the state. However, batecmation about their wintering
ecology has been lacking to design biologicallyreboonservation strategies to maintain
their wintering habitats.

My study of sandhill cranes focused on one magmt€al Valley wintering
region, the Sacramento-San Joaquin River DeltadDélcompared daily movements
and winter site fidelity between the two sandhifiree subspecies, evaluated the timing of
crane arrival and departure from the region, asseggaging habitat choices, measured
abundance and distribution in the Delta, documetitectharacteristics of roost sites, and
developed habitat conservation models and decies for managers to facilitate
habitat conservation and management.

Both crane subspecies showed strong fidelity tdala study area. Foraging
flights from roost sites were shorter for greatbem lesser (1.2 + 0.4 kmvs. 3.1 £0.1
km, respectively) and consequently, mean size &6 fised kernel winter home ranges

was an order of magnitude smaller for greaters£109 knf vs.21.9 + 1.9 ki



respectively). The strong site fidelity of greatersoost complexes within landscapes in
the Delta indicates that conservation planningetad at maintaining and managing for
adequate food resources around traditional rotest san be effective for meeting
sandhill crane habitat needs, while the scale n§ervation differs by subspecies. |
recommend that conservation planning actions censilll habitats within 5 km of a
crane roost as a sandhill crane conservation “etesyunit.” This radius encompasses
95% and 69% of the flights from roosts to foragiogation (commuting flights) made by
greaters and lessers, respectively. For lessemservation radius of 10 km would
encompass 90% of the commuting flights. Managenmeftigation, acquisition,
easement, planning, and farm subsidy programsdeteto benefit cranes will be most
effective when applied at these scales. Withinghaslii, conservation and management
of wintering habitats should include creating bo#w roost and feeding areas to ensure
high chances of successful use.

Sandhill cranes used major crops and habitat tgpasable in the landscapes
surrounding their roost sites and focused mostaif foraging in grain crops. They
generally avoided dry corn stubble, selected dry stubble early in the season, and
rarely used dry wild rice stubble. Tilled fields meealso usually avoided but were
occasionally used shortly after tillage. Mulchedrncanked high in comparison to other
corn treatments while mulched rice use was usedaslynto dry rice stubbleBoth
subspecies often highly favored cropland habitdtsrmthey were initially flooded.
Cranes were attracted to new plantings of pastulendnter wheat. One important
difference between the subspecies was that legsedsalfalfa which was generally
avoided by greaters. Dry corn stubble was avoideievdry rice stubble was favored
early in winter. If wildlife managers want to encage winter field use by cranes they
could provide incentives for favorable practiceshsas production of grain crops,
reduction or delaying tillage and flooding of gréiglds, provision of irrigations to some
crop types, and increasing the practice of mulclingprn stubble.

Of the 69 crane night roosts | identified, 35 wikoeded cropland sites and 34
were wetland sites. | found that both larger indii\l roost sites and larger complexes of

roost sites supported larger peak numbers of craMater depth used by roosting cranes



averaged 10 cm (range 3-21 cm, mode 7 cm) and imdlarsbetween subspecies.
Roosting cranes avoided sites that were regulanhydd or had high densities (i.e., > 1
blind/5 ha) of hunting blinds. Roost site desigd amnagement should consider
providing and maintaining large roost complexe<(2@000 ha) ideally in close
proximity (< 5 km) to other roost sites, with langelividual sites (> 5 ha) of mostly level
topography, dominated by shallow water (5-10 cntli®p The fact that cranes readily
use undisturbed flooded cropland sites makes thigtde option for creation of roost
habitat. Because hunting disturbance can limitenase of roost sites | suggest these two
uses should not be considered compatible. Howéwbee management objective of an
area includes waterfowl hunting, limiting huntingaw blind densities (i.e., < 1 blind/60
ha) and restricting hunting to early morning mayladble options for creating a crane-
compatible waterfowl hunt program.

Radio-marked sandhill cranes arrived in the Dedtgifining 3 October, most
arrived in mid-October, and the last radio-markaddhill crane arrived on 10 December.
Departure dates ranged from 15 January to 13 Matehn arrival and departure dates
were similar between subspecies. From mid-Decethibeugh early-February in 2007-
2008, the Delta population ranged from 20,000 t®@7J sandhill cranes. Abundance
varied at the main roost sites during winter, §keécause sandhill cranes responded to
changes in water and foraging habitat conditioasidfill cranes used an area of
approximately 1,500 kfifor foraging. Estimated peak abundance in the Dedts more
than half the total number counted on recent Ra€lfway midwinter surveys,
indicating the Delta region is a key area for éffon conservation and recovery of
wintering sandhill cranes in California. Based orval dates, flooding of sandhill crane
roost sites should be staggered with some sitesldid in early September and most sites
flooded by early October. Maintaining flooding dfl@ast some roost sites through mid-
March would provide essential roosting habitatlumbst birds have departed the Delta
region on spring migration.

Not all 5-km radius ecosystem units are equal @ thalue to greater sandhill
cranes, and the relative foraging value of a paldrcparcel within an ecosystem unit

depends on the numbers of cranes using the foosl site, the habitat choices they



make, and the probability that they will fly to arpicular parcel. Additionally, some
ecosystem units overlap, and in these overlap zdneprobability of crane use is
higher, because of additive effects. To providea to allow managers to further refine
management plans, | developed a model which alloa® specific focus of crane
conservation, mitigation and habitat managemeirnigushat my study revealed about
greater sandhill cranes. This model considers bnbadance of greaters at individual
roost sites and the probability that they wouldtflya given location. Sites closer to
roosts had a higher probability of crane use. ¢uated the probability that greaters
would fly to a parcel within concentric 1-km intais as a product of the proportion of
commuting flights of individuals that reached theerval, and the proportion of all
commuting flights that reached that interval.

Within crane ecosystem units, it is important totpct the existing habitat from
further loss and optimize foraging conditions faares. | provide a decision matrix to
assist with plans to enhance existing crane lapéscareate new crane habitat areas or
mitigate habitat losses. This matrix provides ankeavork for decision-making regarding
enhancing sandhill crane foraging and roost sitetéts. Wildlife managers could
employ a variety of tools to conserve and manageechabitats, including fee title
acquisitions, private conservation easements, padf&c cropland management actions
to maintain crane-compatible conditions and higidfgalues for cranes (possibly
including providing unharvested food plots).

My study has demonstrated that most cranes udatavedy small landscape
surrounding their traditional roost sites and thay favor certain crops and post-harvest
crop management practices for foraging. Howevemeed a better understanding of the
actual carrying capacity for cranes in these craapagement zones to ensure that

managers can maintain these sites for cranes iitine.
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CHAPTER 1

GENERAL INTRODUCTION

Gary L. lvey

Two subspecies of sandhill cran&rs canadens)ghat winter in the Central
Valley of California have special conservationss$afT he large-bodied greater sandhill
crane G. c. tabida hereafter, greaters) is listed as “threatenedienhe California
Endangered Species Act (Calif. Dept. of Fish anth&a013), while the small-bodied
lesser sandhill cran&( c. canadensjdereatfter, lessers) is classified as a “Bird &sec
of Conservation Concern” (Littlefield 2008). Theganes are sympatric during winter
and use only a few discrete wintering regions witBalifornia’s Central Valley
agricultural landscape (lvey et al. 2014, Fig. 1Aljhough there is much unused
agricultural habitat in the Central Valley, thetdlsution of cranes there has changed
little in the past 30 years, apparently becauseesahow strong fidelity to wintering
regions (Lovvorn and Kirkpatrick 1981, Tacha etl#184, lvey and Herziger 2003).

Traditional Central Valley crane wintering areas being degraded by habitat
loss from urbanization, conversion to incompatieaps (e.g., vineyards and orchards;
Central Valley Joint Venture 2006, Ivey 2014), avater development projects, such as
proposals to develop water storage reservoirs ®ptne Delta Wetlands Project
(California Bay-Delta Authority 2003), the North EeFlood Control and Ecosystem
Restoration Project (California Department of Wdtesources 2003), and for water
diversions facilities in the Bay Delta Conservatilan (California Department of Water
Resources 2013). The Sacramento-San Joaquin Reltr Region (hereafter, Delta) is
among the most important crane wintering regiond,ia particularly important for
greaters (Pogson and Lindstedt 1991). This reg@tsio under the greatest pressure from
proposed development and crop conversions.

During the past two decades, agencies and orgamsaiave invested > $70
million to establish refuges and preserves thategtdabitats used by sandhill cranes in

the Delta, where most of this activity has centemedour major roost complexes: the



Isenberg Sandhill Crane Reserve owned by Califddepartment of Fish and Wildlife
(CDFW), Stone Lakes National Wildlife Refuge (NW&¥ned by U.S. Fish and
Wildlife Service (USFWS), Cosumnes River Preseegtablished by The Nature
Conservancy (TNC) in partnership with the Bureaiiarid Management (BLM) and
with multiple agency ownerships, and the more reaequisition of Staten Island by
TNC (Fig. 1.2). All these properties include a pmrtof habitat managed to provide
nocturnal roost sites for sandhill cranes. In scases, habitats were restored to native
habitats such as seasonal wetlands; in the ca&Seth Island (3,700 ha), the objective
was to foster development and implementation odivd friendly farming practices.
Understanding how to maximize the value of thesp@rties for cranes requires an
understanding of habitat needs and movement pattércranes. However, of the
roughly 600 publications on Sandhill Cranes, orllydgal with limited aspects of
wintering ecology, only five of those report on &er and Lesser Sandhill Cranes in
California, and only four report habitat use or mments of these subspecies on their
wintering grounds. No study has systematically stiggted the wintering ecology of
sympatric subspecies of cranes.

Cranes require two key habitat components on wirgaareas; suitable night
roost and foraging habitat (Tacha et al. 1994). diseance cranes can fly from night
roosts to forage sites (commuting distance) istéchby energetic costs of flight, which
therefore limits their choices of foraging siteshin that radius from roosts.
Conceptually, crane habitat use during winter caribwed in the context of central
place foraging and refuging theory (Hamilton andt\?870, Stephens and Krebs 1986,
Frederick et al. 1987; Belanger and Bedard 199@) individuals spending nights on a
centrally located roost site and making one or mouad trip flights to forage in
surrounding fields during the day (Ivey and Herzig@03). Therefore, | define an
“ecosystem unit” for conservation and managememtiofering cranes to include a
central roost surrounded by a foraging landscapé¢ooa certain radius to define the
population of fields that a crane might use duamgjngle day, and | hypothesized that
the foraging landscape available to the two subspereould be different (Fig. 1.3).

However, before my study, data was lacking to patanre this model.



The ecological unit described above for centrat@limraging cranes is
inconsistent with the irregular boundaries of propewnership in the Delta. Thus,
habitat acquisition targeting a key habitat commbite.g., a crane roost) will not likely
include the entire foraging area potentially usgdhe roost population and may not be
particularly successful in maintaining these pofiote of cranes. Habitat management
practices often differ between private and puldieds as private lands are not typically
managed to optimize food availability to cranesbitkd changes on privately owned
fields may change crane abundance at a roost,dlegarof management actions at the
roost site itself. A primary assumption in my copitel model is that providing sandhill
cranes with better foraging habitat conditions Vve#ld to their increased storage of
endogenous fat reserves on the wintering groundishvwvill lead to increased fitness for
survival and reproduction, and ultimately contrita their population recovery (Krapu
et al. 1985).

Detailed information on crane habitat requirememtsheir California wintering
grounds are needed to understand the critical liek&een conservation properties
where cranes typically roost at night, and surraugpgrivately owned lands where they
often forage. To improve management of agricultarabs for the benefit of cranes,
information is needed on which crops they seledtvahich agricultural practices are
most crane-friendly. Long term conservation plagninll require a program that
fundamentally links and understands the relativeartance of public and private lands
and the best agricultural management practicesetting the needs of wintering cranes.
One goal of my dissertation is to provide basiolinfation on sandhill crane habitat use
that would allow conservation planners to developeaningful conservation plans and
provide recommendations to farmers about how #mgiicultural operations may
contribute to crane conservation.

Also, before this study, little was known about tgimuse of roost sites and
characteristics of roost sites used by winteriraes that could aid in designing a
biologically sound conservation strategy for crainethe Delta. Other than on the Platte
River in Nebraska (e.g., Krapu et al. 1984; Norkn@l. 1992; Folk and Tacha 1990;
Parrish et al. 2001; Davis 2001, 2003), little whds been done to quantify habitat types



used by roosting cranes, with the exception otantstudy in the Sacramento Valley
(Shaskey 2012). In the Platte River system, cramest in the shallow waters (1-21 cm)
and sandbar islands within the river channel. Winéewater depth information likely

has broad applicability, other habitat charactiessdf the North Platte River are not
found in California. Additionally, there is only erpublished study about the suitability
of flooded agricultural fields (Shaskey 2012) asstcsites for cranes, and no studies with
information that quantifies how roost site sizeretates with crane abundance at the
roost.

Finally, body size has been hypothesized to stgoimflluence avian foraging
behavior (Hockey et al. 1999, Durant et al. 200dp&€et al. 2005, Mini 2013). Lesser
sandhill cranes are smaller-bodied, long distagiramts, whereas greater sandhill cranes
are large bodied, short distant migrants (Tacle. €992, 1994, Petrula and Rothe
2005). Differences in body size and migration egglbetween these two crane
subspecies could translate to important differemcdgbitat use and movement patterns
because of differences in energetic needs, unasgeaakss in competition for foraging
sites, and the related effects of dominance ofatger subspecies. However, the
influence of body size on the behavior and managéwfesandhill cranes has not been
studied. Thus, conservation plans based on datadree subspecies may not be
applicable to the other. My dissertation investgavhether body size and its allometric
constraints influence the foraging behavior of tgesaand lessers and the implications, if
any, of body size differences for movements andtaielection, and ultimately for
conservation planning. My results contribute to lbbasic understanding of crane ecology,
which will help predict how landscape changes camlgact the ability of the Delta to
support viable populations of wintering cranes.

In Chapter 2, | examined the distribution, abunésgred migration timing of each
subspecies in my Delta study area. | quantifiedithang of arrival, residence time, and
timing of departure at major roost sites, trackiednges in roost use from fall through
winter, estimated subspecies-specific sandhille@rundance, and defined the
distribution of sandhill cranes in the Delta regiBata on the timing of arrival and

expected abundance over time at key roost sitigliwill provide the information



needed to justify the timing and size of floodedstsites to maintain sandhill crane use
on traditional sites. When combined with informatmn habitat use and individual
movements, this information will be critical foretllevelopment of biologically sound
conservation plans for sandhill cranes winterinthm Delta region.

In Chapter 3, | examine winter site fidelity, contimg distance, home range, and
survival of greater and lesser sandhill craneshalzitat conservation and management
context and compare movement patterns betweenlergdjed greaters and small-bodied
lessers. | hypothesized that differences in borg siould influence subspecies
movement patterns. | predicted that lessers wowldenbetween wintering regions more
often than greaters and travel further to findahlé foraging sites, while greaters would
remain at fields close to roost sites. It is impottto understand the distances cranes will
travel from roosts to find food (commuting distajyde define priority areas for crane
habitat conservation and management activitieddtess how data on movements can be
used to develop a simple model of crane conservéticus, as an “ecosystem unit” to
represent the diurnal movement of wintering samadhaines from their nocturnal roost
sites to neighboring foraging sites during the dand back to the roost in the evening.

In Chapter 4, | characterize foraging habitat usb@landscape scale and study
habitat selection at a local scale, focusing onera@sponse to post-harvest crop
management strategidypothesized thdbraging habitat selections would differ among
crane subspecies because smaller-bodied lesserhigner mass-specific metabolic
requirements than greaters which results in highergy demands and lower fasting
endurance. | predicted that foraging habitat selestwould be different for each
subspecies and that lessers would tend to shifioi@ distant fields over time while
greaters would tend to remain in proximate fields.

In Chapter 5, | examined the effects of roost clitaracteristics on the numbers of
cranes using roost sites. | hypothesized that m@mees would occur around larger than
smaller roost site complexes, and that activityaaiee would be correlated with the
number and or total area of alternate roost sitédgma landscape unit, and that crane
abundance at roost sites would be correlated witktrarea flooded at ideal depths (i.e.,

< 20 cm).l characterized the features of crane roosts &t that individual site and roost



complex scales, correlate roost abundance witht gops, and correlated roost use with
recreational waterfowl hunting activity to increase understanding of crane roosting
ecology and support crane habitat conservatiomaarthgement.

In Chapter 6, the synthesis chapter, | identifppty Central Valley regions to
focus sandhill crane winter habitat conservatiot mmanagement activities, and discuss
the need to focus on the most important landd@tal (roost site) scale. To further focus
conservation, | present an example of a more com@&s-based model design that will
allow comparisons of the relative values of indnatiparcels to greater sandhill cranes,
based on the number of birds using a particulastrsite and their commuting distances
probabilities. | also provide a decision matrix ¥anter sandhill crane habitat
conservation and management. These three toolédshave application for sandhill
crane wintering and staging areas in agricultuieglans across North Ameridahope
that the findings of this dissertation will providdditional insight and alternative ways
for managers across different flyways to think abmanaging habitats for wintering

cranes.
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Figure 1.1. Locations of major sandhill cra@s canadens)svintering regions within
the Central Valley of California. From north to #ouSacramento Valley, Sacramento-
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Figure 1. 2 Map of the Sacramento-San Joaquin Rre#ta of California sandhill crane
(Grus canadens)swintering region showing four major crane managetrareas which

provide night roosts.

Greaters

Lessers

* ROOST SITE

Figure 1.3. Conceptual model of an ecosystemfangandhill craneGrus canadens)s
conservation which depicts the theoretical foraganglscape available to greaté. €.
tabida) and lesser sandhill cranés.(c. canadensjsbased on potential differences in

their foraging strategies.
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ABSTRACT
The Sacramento-San Joaquin River Delta region bfo@aa (hereafter, Delta

region) is an important wintering region for then@al Valley Population of greater
sandhill cranesGrus canadensis tabidland lesser sandhill crands. (c. canadens)s

but basic information about the ecology of thesddis lacking to design a biologically
sound conservation strategy. During the winter3Qff7-08 and 2008-09, we conducted
roost counts, roadside surveys, aerial surveystracled radio-marked birds to define
the geographic area used by sandhill cranes iDétim region, document migration
chronology, and estimate subspecies-specific amaedd&adio-marked sandhill cranes
arrived in our study area beginning 3 October, mosted in mid-October, and the last
radio-marked sandhill crane arrived on 10 Decenibeparture dates ranged from 15
January to 13 March. Mean arrival and departuresdatre similar between subspecies.
From mid-December through early-February in 20008&@he Delta population ranged
from 20,000 to 27,000 sandhill cranes. Abundancedant the main roost sites during
winter because sandhill cranes responded to chamgester conditions. Sandhill cranes
used an area of approximately 1,500 kon foraging. Estimated peak abundance in the
Delta region was more than half the total numbeinted on recent Pacific Flyway
midwinter surveys, indicating the Delta region isey area for efforts in conservation
and recovery of wintering sandhill cranes in Catlifa. Based on arrival dates, flooding
of sandhill crane roost sites should be staggeitdseme sites flooded in early
September and most sites flooded by early Octdbaintained flooding through mid-
March would provide essential roosting habitat lumbst birds have departed the Delta

region on spring migration.

INTRODUCTION
California’s Central Valley is an important wintegi region for sandhill cranes

(Grus canadens)shoth for the Central Valley Population of greatandhill craneG. c.
tabida hereafter referred to as greaters) and the Bddifivay Population of lesser
sandhill crane®. c. canadensjsereafter referred to as lessers) (Pacific Fly@ayncil
1983, 1997). Sandhill cranes are patchily distedun the Central Valley using areas
where agricultural practices appear to meet themtogical needs and undisturbed roost
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sites are available (e.g., Pogson and Lindstedi)19%he Sacramento-San Joaquin River
Delta region of California (hereafter Delta regigp major wintering site for sandhill
cranes in the Central Valley, and is particulantportant for greaters (Pogson and
Lindstedt 1991), listed as threatened in Califo{@alifornia Dept. of Fish and Wildlife
2013).

Because of the importance of the Delta region fimteving sandhill cranes,
agencies and conservation groups have acquiredneatl, and managed lands for use by
sandhill cranes. Most of this activity has centavacd major roost complexes in the
Delta region; the Isenberg Sandhill Crane Resewed by California Department of
Fish and Wildlife (CDFW), Stone Lakes National Wilel Refuge (NWR) and San
Joaquin River NWR owned by U.S. Fish and Wildlierndce (USFWS), Cosumnes
River Preserve, established by The Nature ConseyMa@iNC) in partnership with the
Bureau of Land Management (BLM) and with multipteeacy ownerships, and the more
recent acquisition of Staten Island by TNC. Alldagroperties include a portion of
habitat managed to provide winter roost sites &mdéill cranes.

Periodic monitoring has confirmed sandhill craneswsing all areas currently
managed for roost habitat (Pogson and Lindstedt 1198y and Herziger 2003), but
basic information about the timing of use and sebss composition are lacking.
Moreover, no annual surveys are conducted to eiotane abundance and define their
distribution in the Delta region. Such basic infation is necessary for proper sandhill
crane management in the face of new environmemtaats. For example, the recent
spread of West Nile virus into California has callsaedowners and managers to reduce
the amount of shallow, standing water that miglpipgut mosquitoes during summer and
early fall (e.g., Calif. Dept. of Fish and Wildli#007). Data on the timing of arrival and
expected abundance over time at key roost sitigliwill provide the information
needed to justify the timing and size of floodedstosites to maintain sandhill crane use
on traditional sites.

Our study addresses key questions about the abcmdaal distribution of
sandhill cranes that winter in the California’s @awento-San Joaquin River Delta.

Specifically, we quantify the timing of arrival,sidence time, and timing of departure at
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major roost sites, track changes in roost use fadhthrough winter, estimate subspecies
specific sandhill crane abundance, and define igtaltltion of sandhill crane
occurrence in the Delta region during winter. Wiembined with information on
habitat use and individual movements, this inforamatvill be critical for the
development of biologically sound conservation pléor sandhill cranes wintering in the
Delta region.
STUDY AREA

Our study focused on the Delta region but we atdlected some information on
sandhill crane abundance in the San Joaquin NWigrrégig. 2.1). Our study
concentrated specifically on several propertiesagead to provide night roost sites for
sandhill cranes that subsequently support mosteo§andhill cranes that winter in the
Delta region (Pogson and Lindstedt 1991, Ivey artziger 2003), including Staten
Island, Canal Ranch, Cosumnes River Preserve, Biaak, and Stone Lakes NWR. The
study area was primarily rural agricultural langsesmbordered by urban communities.
Agricultural land uses included field and silagen;dall-planted (winter) wheat, rice,
alfalfa, irrigated pasture, dairies, vineyards archards. The area also contained tracts of
oak savannah and floodplain wetlands along the @oss and Mokelumne rivers. The
San Joaquin NWR region (located in Stanislaus Go@approximately 12 km west of
Modesto) includes the refuge, and private croplamaidar to the Delta region.
METHODS
Capture, radio-marking, and tracking

We captured and radio-marked a total of 33 greadér¢éessers and one Canadian
sandhill crane@. c. rowani;identified morphologically, hereafter referreda®
Canadian) on wintering, spring staging, and breggdireas. We captured 33 greaters and
28 lessers using rocket nets baited with corn (bekaet al. 1991) and noose-lines
(Hereford et al. 2000) at Staten Island or Cosunireserve between 17 October 2007
and 27 February 2008. Additionally, to increase sample of marked birds, we used
rocket nets to capture 6 lessers on a spring gatie (Ladd Marsh Wildlife
Management Area) near LaGrande, Oregon in ApriB2&@d used noose lines to capture
10 lessers on their breeding grounds near Homaskalin August 2008.
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For each sandhill crane captured, we determinesipgdies based on
morphological differences (Johnson and Stewart 19%@ marked each individual with
a U.S. Geological Survey aluminum leg band andiquencombination of color bands.
Finally, we radio-marked each sandhill crane witHEF transmitter (Sirtrack, Hawkes
Bay New Zealand, Model AVL6171) that was mounted tarsal band (Krapu et al.
2011). Transmitters weighed approximately 30 g¥=df body mass), had a life
expectancy of 730 days, and were equipped withréatity sensor. The 10 birds
captured in Alaska were marked with platform terahifsatellite) transmitters mounted
to a tarsal band. All birds were released at ttapture site within an hour after capture.

We attempted to locate each radio-marked sandhitiecdaily, from October
through mid-March, using hand-held 3-element Yageanas and a truck-mounted null-
peak antenna system (Balkenbush and Hallett 198&u8l and Fuller 1996); however,
our relocation rate averaged every two days, vdneahdividual, and primarily
depended on sandhill crane movement within ourystmea. We used a Global
Positioning System (GPS), linked to a computeresydb enter bird identification
number, local site name, truck location, date, tiamel bird bearings from multiple
locations. We used Program Locate Ill (Pacer Compguiatamagouche, NS, Canada)
to triangulate locations (Nams 2005). We conducCteerial searches (Gilmer et al. 1981)
over the two winters of our study of areas througloentral California to locate sandhill
cranes that left the Delta region. During aerial/sys, we also mapped locations that
looked suitable as sandhill crane night roosts.

Our handling of sandhill cranes was conducted uttdeguidelines of the Oregon
State University Animal Care and Use Committeejguto#3605) to ensure methods
were in compliance with the Animal Welfare Act dddited States Government
Principles for the Utilization and Care of Vertelgr&nimals Used in Testing, Research,
and Training policies. Sandhill cranes were captuneder CDFW permit SC-803070-02
and U.S. Geological Survey federal banding pernB#211142.

Migration Chronology
We used telemetry information from our radio-markaddhill cranes to

characterize fall migration arrival and spring naipn departure dates relative to our
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study area during fall 2008 and spring 2009. Wénéefarrival date as the first date each
sandhill crane was found during fall in the studgeaand departure date as the last date
they were detected in late winter. We calculatedrithmber of days our marked sandhill
cranes were at our study sites in the Delta re@ien winter residency period) from our
telemetry records by totaling days that individuaése found at our study sites in the
Delta region. We used the Student’s t-test to as$esther mean arrival date in fall of
2008 or departure date in spring of 2009 differgdibspecies.
Sandhill Crane Abundance

Roost counts—We conducted biweekly counts of sandhill crarteb@ 5 major
night roost complexes in the our study area (Stisfand, Brack Tract, Canal Ranch
Tract, Cosumnes River Preserve, and Stone Lakes)\b&tiRreen 5 October 2007, and
27 February 2008, to document seasonal patterasurfdance and estimate peak
sandhill crane population size in the Delta regidve also conducted roost counts at the
San Joaquin River NWR monthly during October 200@ugh February 2008. We
conducted each count over a period of two or tdeses but all sites within each roost
complex were counted on the same night or mor’wWeconducted surveys by
stationing observers with binoculars at key logatiaround a roost complex to count all
sandhill cranes as they flew into a roost siteuasst or during early morning before they
left their roost. We did not have permission toveyrthe Canal Ranch roost complex on
3 December, so we report estimates only for thegesdwith complete roost count data.

Aerial surveys—To generate an unbiased estimate of abundancmthaded a
measure of precision we conducted aerial surveygs, @aughley 1977, Dugger et al.
2005) on 14 and 28 January and 5 February 2008irgVgartitioned the study area into
high and low density survey blocks based on ouetstdnding of roost site distribution
and relative sandhill crane abundance (Ilvey anaiger 2003). In the Delta region, we
created three high density survey blocks centengith® major roost complexes at Stone
Lakes NWR, Staten Island and adjacent Brack Trag¢tGanal Ranch, and the Cosumnes
River Preserve. The remainder of the Delta regias @lassified as a low density survey
block. In the San Joaquin NWR region, we identitsex high density block associated
with San Joaquin NWR that was imbedded in a lalgerdensity, block. We partitioned
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each survey block into a series of 1 km wide sustéps oriented north-south. We
stratified our sample effort by survey block sirel @aandomly selected (without
replacement) a sample of transects to survey wéaah block, adding transects until the
total transect area equaled or exceeded 10% dbtaleblock area. We used the same set
of transects for each survey.

We conducted surveys from a fixed wing aircrafiiy 300 m above the ground
and at a speed of 160 km/hr. We used markers oairttraft window to identify transect
boundaries, and two observers counted sandhilesrant each side of the aircraft while
the pilot flew a line down the middle of each syregrip.

For each survey, we estimated sandhill crane amaedas (Caughley 1977):

Y =Rz
where Z = area of total census
R = average density per unit are2y/Xz
wherey; = total sandhill crangscounted on transect
z = area of transect
variance was calculated as: [NAYN(n-1)[/(Zy? + RREXZ — 2R3y?2)

We estimated abundance separately for high andlénsity survey blocks then
combined the two estimates for an estimate of faalulation size for each survey. We
estimated abundance for the Delta and San Joadguen RWR regions separately, and
provide totals for these two regions.

Abundance by subspeciesBecause we could not identify sandhill cranes to
subspecies during roost counts or aerial survegs;omducted roadside surveys at the
Cosumnes River Preserve, Staten Island, and Bnaadt T differentiate the subspecies
and estimate the relative abundance of greater¢easdrs in the Delta region. Counts by
roadside surveys were conducted biweekly by 2 esipesd observers during morning
feeding periods (0700-1000 hrs) from early Octdhesugh mid-February in 2007-08
and 2008-09. We counted all flocks from vehiclesgi®inoculars and spotting scopes
and assigned all sandhill cranes observed as gseatéessers using morphological

characteristics described by Drewien and Bizeau4}X9q1) greaters are approximately
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25- 33% taller and more massive; (2) greatersigheelr gray in late fall and winter; (3)
greaters have longer and more massive bills inioaléo head length; and, (4) greaters
have sloping foreheads in comparison to lessershwave rounded foreheads. A few
sandhill cranes appeared intermediate in size ard {ikkely Canadians. Our abundance
estimates for greaters probably included a few Gama, but because only 1 of the 60
sandhill cranes that we captured had the morphchbgieasurements of a Canadian (see
Johnson and Stewart 1973), this source of biakaky/lvery low.

We used the estimate of the ratio of greatersdsdrs derived from roadside
surveys to calculate subspecies-specific abundaneeroost count dates (3, 17, 31
December and 14 January 2008). We could not coradrozidside survey at the
Cosumnes River Preserve on 17 December becaus®iofgad conditions; therefore,
we took the mean proportion of the roadside surteydates immediately before and
after 17 December as our estimate to estimate sualespproportions for that roost count
data. Based on the arrival and departure datesrafadio-marked sandhill cranes, our 3
December to 14 January survey interval occurrest aft sandhill cranes had arrived and
ended before any birds had departed for springatiam. This interval included the
period previously known to support peak numbergreaters in the Delta region (Pogson
and Lindstedt 1991). To adjust the total roost ¢taata, we used the proportion estimate
generated from the roadside survey that was cléselsé roost count date. Finally,
because sandhill crane abundance varied by roogtle®, we generated proportion
estimates (of greaters to lessers) separatelyafdr ost complex and applied that ratio
to estimate the number of greaters and lesseechtreost. To derive relative
abundances for roosts where we did not have roadsid/eys we used proportions from
the next nearest roost area: for Stone Lakes NWRppéed the estimate from the
Cosumnes River Preserve; and for Canal Ranch wieedppe estimate averaged from
Staten Island and Brack Track. We then summed atgsrfrom each roost to arrive at
the total. We did not have data on subspecies ptiops for the San Joaquin NWR
region because no roadside surveys were conduuteel We report values as mean +
SE.
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Sandhill Crane Distribution
We plotted all locations for radio-marked sandbtiines on a map of the study

area. We supplemented that data with observatibfieoks seen from the ground and air
during our searches for radio-marked birds. We doethbthese data sets to generate a

map of sandhill crane distribution as well as rdosétions in the Delta region.

RESULTS
Migration chronology

Sandhill cranes were reported arriving in our staBa as early as 6 September
2007 (M. Ackerman, personal communication), aneégt&mber 2008 (B. Tadman,
personal communication). In 2008 we detected tisé fadio-marked lesser on 3 October,
and the first radio-marked greater on 4 OctobeakRerival occurred slightly earlier for
greaters than lessers in 2008 (Fig. 2.2); howeklieraverage arrival date was similar (t
=1.22,P = 0.23) between radio-marked greaters (13 Oct }&hd radio-marked lessers
(17 Oct £ 3 d). The average departure date wassatsitar (t = 1.03P = 0.30), for
greaters (25 Feb £ 1 d) and lessers (22 Feb HRig) 2.2). Lessers began departing the
study area earlier yet some lingered longer irtbka region than the greaters (latest
departure March 13 versus March 7, respectivelyjt&¥ residency was 22% longer for
greaters (130 = 7 d) than for lessers (107 £4 d;2.78,P < 0.01).
Abundance

Roost counts.Fhe total number of roosting sandhill cranes inDiedta region
increased from a low of 6,421 (5 Nov 2007) to ehto§)27,213 (11 Feb 2008; Fig. 2.3).
The season mean was 15,037 £ 4,529. Table 2.1 shevargest average abundance
was recorded at Brack Tract roost complex (7,423129) followed by Staten Island
(4,898 + 1,045), Canal Ranch (4,095 * 1,425), ComsRiver Preserve (1,539 + 339),
and Stone Lakes NWR (345 + 40). Early in the seasmst sandhill cranes roosted at
Staten Island, however as winter progressed sdmdaiies shifted to Brack Tract and by
end of winter most sandhill cranes were roostinthenBrack Tract roost complex. Peak
counts recorded at each site included 24,487 atkBreact, 10,995 at Staten Island,
7,215 at Canal Ranch, 4,347 at Cosumnes Riverfeesnd 598 at Stone Lakes NWR
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(Table 2.1). Counts for San Joaquin River NWR ayeda2,310 (+ 132), and peaked at
2,895 in February (Table 2.1).

Aerial surveys—Based on aerial surveys conducted in 2008, weattd 19,183
+ 1,500 (95% CI: 16,243 - 22,123; Coefficient ofrl#ion [CV]: 0.07) sandhill cranes in
the combined Delta and San Joaquin NWR regionsiaiafiuary, 9,028 + 769 (95% CI:
7,520 — 10,535; CV: 0.01) on 28 January and 211203 (95% CI: 17,395 — 24,855;
CV: 0.09) on 5 February. Estimates for the Deltiae during those same three surveys
were 15,687 £ 843 (95% CI: 14,214 — 17,519; CV5).8,086 + 724 (95% CI. 7,362 —
8,810; CV: 0.09), and 18,405 + 1,795 (95% Cl:14,888.,923; CV: 0.10), while
estimates for the San Joaquin River NWR regionndutthose three surveys were 3,496 *
657 (95% CI: 2,208 — 4,783; CV: 0.18), 942 + 45%06I: 853 — 1,030; CV: 0.05), and
2,720 £ 108 (95% CI: 2,508 — 2,932; CV: 0.04), exgpvely. In the Delta region, only a
few sandhill cranes were observed south of Hightagr west of Isleton where we did
not conduct roost count surveys, therefore ourtromsnts included a high percentage of
the total Delta region population.

Abundance by subspeciesThe proportion of sandhill cranes that we idégdif
as greaters during roadside surveys varied fro 1d80.4% with higher proportions of
greaters generally observed at the Cosumnes RieseRe than other areas (Table 2.2).
We estimated that the number of greaters roostiriigd Delta Region ranged from 2,166
to 6,866, while the number of lessers ranged fr@Bd7 to 17,690 (Table 2.3).
Distribution

Sandhill cranes were found primarily in Sacrameartd San Joaquin counties,
but also in east Yolo, Solano and Contra Costateesi(Fig. 2.4). This area includes
both the Central Delta and Cosumnes and Stone laakes, and is approximately 1,500
km?, bounded on the west by the Sacramento Riverten®é&ep Water Ship Channel, on
the north by Elk Grove and South Sacramento, osdlgh by Highway 4 to Stockton
and on the east by Lodi, Galt and rural communifdderald and Wilton. This area
includes the Cosumnes River floodplain (below Wijtahe Mokelumne River
floodplain (below Galt), the Sacramento River flptain (below Freeport), and the Delta

tracts and islands which lie east of the Deep Walep Channel, east of the Sacramento
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River channel between Rio Vista and Antioch, nafthlighway 4, and west of Interstate
Highway 5.

DISCUSSION

Migration chronology

Sandhill cranes first arrived in our Delta regidady area during the first week of
September, earlier than the third week of Septerabeeported by Pogson and Lindstedt
(1991) in the mid-1980s. The difference may be tdushanges in cropping practices that
have benefited sandhill cranes. For example, a¢®ialand before the mid-1980s, corn
harvest was not begun until mid-September and woedi to November. With more corn
planted due to the falling price of wheat, thetstiate for harvest was moved up in order
to harvest the entire crop early. Earlier crop batng has permitted earlier flooding of
harvested fields to serve as roost sites on thads{J. Shanks, pers. comm.). Possibly
some sandhill cranes learned that resources ailatalesearlier in the Delta region and
therefore arrived from migration earlier than theyl in the past. Also, the earlier arrival
might be attributed to an increasing populatiogmfater sandhill cranes since the mid-
1980s (see Littlefield 2002) or because the brepdopulation has expanded southward
in the Sierra Nevada to locations that are shanigration distances from the Delta
region (lvey and Herziger 2001).

Despite the earlier initial arrival dates of sonmel®, only a small number of
sandhill cranes were present in September. Ouo+madrked birds arrived about one
month later in October coincident with the arrielarge numbers of sandhill cranes into
the region. Despite the considerable differendhénlength of migration between
subspecies (Pacific Flyway Council 1983, 1997),aheval chronology of our radio-
marked lessers and greaters was similar. Thes@ecibs flocks occasionally share fall
staging areas and their movements south may bésymezed by favorable weather
conditions for migration to the Central Valley. Aal dates for lessers to the Delta
region were very similar to mean arrival timeslisgsers to wintering areas in Texas
(Krapu et al. 2011), despite the fact that lessensering in California use different
migration routes and staging areas than birds vingen Texas (Petrula and Rothe 2005,
Krapu et al. 2011).
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During our study, sandhill cranes used roosts tjinout our study area into early
March, much later than reported by Pogson and t&ui$1991), who noted sandhill
cranes departed Brack Tract, Staten Island, andl@anch in late January. We attribute
this difference to changes in management that etlyrenaintains roosts for sandhill
cranes later during wintefhe general chronology of spring departure waslairfor
both subspecies. However, lessers tended to begiindeparture earlier than greaters but
finished departing after the all greaters had left.

Abundance

During mid-winter surveys in the Pacific Flyway2008 and 2009, 51,981 and
49,238 sandhill cranes were counted, respectivaliqs and Trost 2010). A
comparison of our results with previous work in Beta region suggests the total
abundance of sandhill cranes in the Delta regienimaeased since the 1980s. Previous
aerial counts ranged from 3,380 during 1983-1999K®, unpublished data) to 17,030
in the late 1990s (Ducks Unlimited, unpublishedajland 11,625 in 2000-2001
(California Department of Fish and Wildlife, unpighled data). Roost count and aerial
survey data are not directly comparable, butlikedy that the sandhill crane population
in the Delta region is higher today than in the@<€8he highest estimate from our aerial
surveys was similar to the estimate from the athenlate 1990s; however, our methods
differed because previous surveys were assumeel tornplete counts while our
estimates were generated using sampling statistics.

Our population estimates from aerial surveys welaively precise, with
coefficients of variation ranging from 5-10% duriallj surveys but one. This precision
indicates that an aerial-based survey for sandfates in the Delta may be a valid
method to estimate their population size or attldagve an index of population size.
Such a survey would have to be coupled with graurdeys to derive the percentage of
the total population comprised of greaters ancelssd he aerial survey estimates were
consistently smaller than the abundance estimedes foost counts (on average 37%
less), and the roost count estimates were well@biuer 95% confidence limits for the

aerial survey. Given the large discrepancy, addftiovork is needed to determine the
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more accurate method of surveying cranes, butlaenigeys may provide a precise
index of crane abundance.

The increase in sandhill crane numbers in thealrelgion since the 1980s reflects
an overall increase in sandhill cranes in the RaEljyway from counts of 10,000 in the
1980s to counts of over 50,000 in recent yearslif@ohnd Trost 2010). A comparison of
peak counts for the Delta region relative to thaltsandhill crane population in the
Pacific Flyway indicates about one-third of all dail cranes that wintered in the Pacific
Flyway used the Delta region during the 1980s. @ak roost count of >27,000 sandhill
cranes in mid-February indicates that more thahdifalll sandhill cranes in the Pacific
Flyway may currently use the Delta region, so libthabsolute and relative importance
of this region for wintering sandhill cranes hasreased since the 1980s. The increase of
sandhill cranes in the Delta region could reflegpioved roosting and foraging
conditions in the Delta region from the conservagdforts of the past three decades or
could be the result of habitat loss and degradaisewhere which would force the
sandhill cranes to increase their presence in #leaDegion.

Roost count data indicate that the populatioraoftifill cranes using the Delta
region increased from October through mid-Febru@ogson and Lindstedt (1991) noted
a similar pattern for greaters during the 1980sweleer, our radio-marked greaters had
all arrived in the Delta region by the end of Nowamand lessers had all arrived by early
December. Furthermore, movement data indicateotizg greaters arrived in the Delta
region they were relatively sedentary (Chapteif8)s discrepancy between increases in
roost counts and movement data may be becauselenretry results were based on a
relatively few individuals and may not have encosggal movement trends of the
population.

Previous to this study only a few population estesavere made of greaters and
lessers wintering in the Central Valley or the Bekgion. Pogson and Lindstedt (1991)
estimated 6,800 “large cranes” wintered in the €énalley in 1983 and 1984, while
Littlefield (2002) estimated that 6,000 greaterateted in the Sacramento Valley during
the early 1990s. Both estimates apparently combgneaters with the Canadian

subspecies which are more common in the Sacranvatley (. 2014) so their counts
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are likely biased high. Using roost counts and saglsurveys to allocate total count
data to subspecies, our estimate for the numbgreatters using the Delta region ranged
from 2,166 to 6,800. The maximum number of greatetsited during a single set of
roadside surveys in the Delta region was 1,786.63timate of 6,800 is likely biased
high because in January large flocks of lessers weing Brack Tract for roosting while
foraging to the south in areas not covered by oadside surveys; therefore greaters
were over-estimated in our roadside survey propesti The number of sandhill cranes
using Brack Tract during the feeding count in Jap2808 was less than three percent of
the number roosting, further suggesting our esesat proportions might be biased. In
comparison, our roadside surveys counted 24% a¥%dafbirds roosting at Brack Tract
in mid and late December. Therefore, we think thattrue number of greaters in the
Delta region was between two and three thousamis bivhich is a significant portion of
the Central Valley Population. Additional work tevetlop a more precise survey
methodology, including using random sampling ofspdzies composition of foraging
flocks from ground surveys to assess subspeciepasition, and possibly including
distance sampling with aerial surveys (see Ridg2@d0), is needed to accurately
estimate the population size of each subspecisarathill crane wintering in California’s
Central Valley.

The changing distribution of sandhill cranes ammast complexes in the Delta
region was likely in response to changes in robstconditions. Managers at Staten
Island began flooding roost sites relatively eamlyall during both years of our study,
which attracted early arriving sandhill cranes.vwfister proceeded additional roost sites
at Brack Tract and Canal Ranch were flooded bo#insyeand sandhill cranes spread out
to take advantage of these sites. By mid-winteinguboth years, managers at Staten
Island began drying several large roosts whichyikeduced birds to shift their roosting
to nearby Brack Track. At the Cosumnes River Px&sepost sites remained available
throughout winter and sandhill crane numbers welaively stable there the entire
season. This pattern of habitat use suggests thelahce and distribution of sandhill

cranes in the Delta region can be influenced bygimg the distribution of their roosts.
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In addition to responding to habitat changes, tiopartion of greaters to lessers
differed by habitat areas. Greaters were propaat&y more abundant in the Cosumnes
River Preserve and Stone Lakes NWR and lessersndgedi in the Central Delta.
Reasons for this pattern are not clear but maglaged to a preference by lessers for
alfalfa (see Chapter 4) which is widely grown ie tBentral Delta and rarer near the
Cosumnes River Preserve and Stone Lakes Refuderdites in proportions of the
subspecies may have been due to difference ingdiydharacteristics of roosts that
favored or constrained use by one subspecies cechpathe other. Greaters are also
socially dominant over lessers (lvey, unpublishathfilwhich may have allowed them to
dominate proportional use of the Cosumnes Rivesge which grew rice, a food
resource preferred by both subspecies (Chapter 4).

Distribution

In comparing our data to that from a 1980s stghprted in Pogson and
Lindstedt (1991), the winter range for sandhilln@s.in the Delta region has decreased.
While development of conservation areas such asr@oss River Preserve and Stone
Lakes NWR has improved habitat conditions for wiimig sandhill cranes, significant
loss of foraging habitat has occurred over the st decades on private lands in the
region (primarily from conversion to vineyards) asuth losses are continuing (see
Littlefield and Ivey 2000). Within their Delta rem winter range, large areas of habitat
have been lost primarily due to conversions to imgatible crops (e.g., vineyards and
orchards) and to the expansion of the cities of@&i&ve and Galt. Most noticeable has
been the increase in grape vineyards, but in nement years other incompatible crops
such as turf farms, olives, and blueberries haw@édéun reduced compatible foraging area
(Littlefield and Ivey 2000). For example, betwed®2 and 2007, approximately 335
hectares of cropland used regularly by sandhilhesaat Canal Ranch was converted to
olive trees (G. lvey, personal observation). Iflshabitat losses continue, this could
further influence sandhill crane use of the Dedtgion and possibly limit the regional

carrying capacity for sandhill crane populationshie future.
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MANAGEMENT IMPLICATIONS

Based on arrival dates, flooding of some sitesagad for crane roosting should
begin slowly in early September and managers sharaldde larger areas for roosting
cranes by early October. Maintaining flooded roaesttl mid-March when most birds
leave the Delta region for spring migration woutdyade roosting habitat throughout
their wintering period. For areas specifically mgea for the welfare of greaters (e.g.,
Staten Island) our data suggests that maintendrroest sites through the first week of
March would be beneficial, based on departure tifoegreaters. Our estimates for the
population of greaters using the Delta region re@né a significant percentage of the
total population. Therefore, this region shouldcbasidered a key area for efforts in
conservation and recovery of this listed subspecies
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California as determined from evening roost cogntsducted every two weeks during

the winter 2007-08.
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Table 2 1. Roost count comparisons of sandhillesg@rus canadens)sat all major
roost sites (Brack Tract [BT], Canal Ranch [CR]sG@mnes River Preserve [CRP],
Staten Island [SI], and Stone Lakes National WgdRefuge [SLNWRY]) in the
Sacramento-San Joaquin River Delta region anddhel8aquin National Wildlife
Refuge, (SINWR) California, winter 2007-08.

Week BT CR CRP Sl SLNWR  SINWR
08 0Oct 1,132 ° 1,105 7,565 362 d

22 Oct 852 2 1,137 10,995 358

05Nov 1,083 ° 775 4,230 333

19 Nov 3,255 ° 850 6,846 598 2,537
03Dec 7,540 ° 4,347 3,986 506 d

17 Dec 5,706 7215 1,650 5,041 251 2,264
31 Dec 5,605 6758 1,504 1,397 261

14 Jan 13,551 5064 1,621 2,403 417

28Jan 12,140 915 ¢ 1,622 230 2,895
11 Feb 24,487 525 1,834 @ 367 d

25Feb 6,306 ° 564 a 113 2,484
Average 7,423 4,095 1,539 4,898 345 2545

®Roost site was dry.

®Did not have permission to survey.
‘Roads were too wet to survey.
Did not survey on these dates.

Table 2.2. Proportion of greatébius canadensis tabid&3) and lesser sandhill cranes
(G. c. canadensid;) observed during four roadside surveys of feedi@igls around
three major roost complexes in the Sacramento-&agquin River Delta, California
during 2007-08. f{” indicates the total number of cranes observethdwsurveys at all
three sites.

Roost Complex

Brack Cosumnes Staten Island
Week n G L G L G L
12/03/2007 5,180 0.014 0.986 0.182 0.818 0.083 0.917
12/17/2007 3,788 0.074 0.926 -- -- 0.065 0.935
12/31/2007 5,416 0.093 0.907 0.783 0.217 0.093 0.917
01/14/2008 8,152 0.678 0.322 0.804 0.196 0.014 0.986
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Table 2.3. Abundance of great@r(is canadensis tabi¢l&) and lesser sandhill cranes
(G. c. canadensjd) at five roost complexes (Brack Track, CosumReger, Staten
Island, Canal Ranch, and Stone Lakes National Wél&efuge [NWR]) in Sacramento-
San Joaquin River Delta, California on three ddtetng winter 2007-08.

Date

Dec. 17 Dec. 31 Jan. 14
Roost G L G L G L
Brack Tract 422 5,284 521 5,084 3,444 10,107
Cosumnes River 792 858 1,173 331 1,297 324
Staten Island 328 4,713 130 1,267 34 2,369
Canal Ranch 503 6,712 630 6,128 1,757 3,307
Stone Lakes NWR 121 130 204 57 335 83

Total 2,166 17,697 2,658 12,867 6,867 16,190
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ABSTRACT

Body size is known to correlate with many aspetige history in birds and this
knowledge can be used to manage and conservepaoies, but few studies have
compared the wintering ecology of sympatric subsgsethat vary significantly in body
size. We used radio telemetry to examine the mialiip between body size and site
fidelity, movements, and home range of 2 subspedi&andhill Cranes3rus
canadensiswintering in the Sacramento-San Joaquin Delt@alifornia. Both
subspecies showed strong fidelity to the Deltaysarda between study years, but within
years Greater Sandhill Crané €. tabidg showed stronger fidelity to landscapes within
our study region and roost complexes within landesahan Lesser Sandhill Cran€s (

c. canadensjs Foraging flights from roost sites were shortar@reater Sandhill Cranes
compared to Lesser Sandhill Cranes (1.2 + 0.4 k@Y% 0.1 km) and consequently,
mean size of 95% fixed kernel winter home ranges avaorder of magnitude smaller for
Greater Sandhill Cranes (1.9 + 0.4%rms. 21.9 + 1.9 kif). Strong site fidelity indicates
that conservation planning to manage for adequae fesources around traditional roost
sites can be effective for meeting habitat needbade cranes, but the scale of
conservation differs by subspecies. We recommegidcthnservation planning consider
all habitats within 5 km of a known Greater Sandb@iane roost and 10 km of a Lesser
Sandhill Crane roost when planning for habitat ngana@ent, mitigation, acquisition, and
easements.

Keywords California,Grus canadensjfiome range, Sacramento-San Joaquin Delta,
Sandhill Crane, site fidelity, wintering ecologgnservation planning, scale

INTRODUCTION

Conservation planning for birds in winter requiestimates of key demographic
parameters together with an understanding of hahiads and movements (e.g., home
range size and site fidelity) that can help defireescale at which conservation and
management should be focused(Guisan et al. 20@8nidn and Fletcher 2013). More
generally, scale is of fundamental importance tewstanding species—environment
associations (Levin 1992) because a species respomsvironmental factors is reliant
on the scales that individuals interact with laraghes (Wiens 1989). Body size is often
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correlated with the scale at which species intendttt their environment (Wiens 1989,
Mech and Zollner 2002). Mechanisms explaining #ssociation include that body size
influences avian energetics (McNab 2001, 2003)iasdominance (Bautista et al. 1995),
and predation risk (Gotmark and Post 1996), andelfiactors can influence access to
resources and subsequently important life histbgracteristics like home range size
(Shoener 1968, Haskell et al. 2002, Ottaviani €2@06), site fidelity (Mini 2013) and
survival (Lindstedt and Calder 1976, Seether 1988t 1995). Knowledge of home
range size, and site fidelity inform populationfpemance and the size and frequency of
movements that would help define habitat conndgtemnd the geographic scale at which
to target conservation planning.

Much of the comparative work related to body sias focused on interspecies
relationships (Western and Ssemakula 1982, Olsah 2009, Morales-Castilla et al.
2012) or species with considerable sexual dimorpl{iszékely et al. 2002, Kruger
2005). However, some species like Sandhill CraGeaq canadens)shave large
intraspecies variability in body size among sub&sethat should be considered when
investigating species ecology and conservationnptan For example, Greate®( .
tabida hereafter Greatergnd LesserG. c. canadensjsSandhill Cranes (hereatfter,
Lessers) are 2 subspecies that breed and wintezstern North America. Greaters are
large (mean body size for males = 4.9 kg), relatigbort distance migrants (mean
breeding latitude 45N) compared to Lessers (mean body size for ma&$ kg; mean
breeding latitude 6%N; Johnson and Stewart 1973). Such size variatdwden
subspecies is often associated with geographiegation in winter; however, both
subspecies of crane winter sympatrically in ther@aento-San Joaquin River Delta
region of California to the extent that birds shareter roost sites and may forage in the
same fields. From a conservation perspective, #ltals an important wintering region
for both subspecies (Pacific Flyway Council 198&¢ifc Flyway Council 1997) and it is
under increasing pressure from urbanization, cheimgagricultural practices, and water
supply limitations (lvey 2014) that threaten to @yomise the capacity of the region to

support cranes during fall and winter.
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In the case of Sandhill Cranes, individual birdsuiee 2 key habitat components
on wintering areas: suitable night roost habitat@inded by suitable foraging habitats
(Tacha et al. 1994). In the context of refuging aedtral place foraging theories
(Hamilton and Watt 1970, Orians and Pearson 197d¥ick et al. 1987, Belanger and
Bédard 1990), crane daily activity patterns cawibaed as one or more round trip
flights from a centrally located roost site to arenore foraging sites. Therefore,
conceptually, we can define an “ecosystem unit’clamservation and management of
cranes to include a central roost surrounded loyaging landscape out to a certain
radius.

Little is known about the wintering ecology of cesrthat can be used to
parameterize models like we describe above orfathat contribute to variation in
winter movements.. However, given that the subgsediffer in body size, we predict
that these important metrics will vary between paloges of cranes wintering in the
Delta, which may lead to different conservatiororamendations for each subspecies.
We use radio telemetry to study movements of Greated Lessers wintering in
California to compare how body size correlates witportant life history traits.
Specifically, we quantify site fidelity at seversgatial scales and estimate home range
size, commuting distance, and survival during winResults provide basic insight into
how body size correlates specific information itet be used in conservation planning
for cranes.

METHODS

Study Area

The vast majority of Pacific Flyway sandhill cranginter in the Central Valley
of California (Pacific Flyway Council 1983, 199Which extends from Red Bluff to
Bakersfield from north to south and between thesEBange and the Sierra Nevada
Mountains from west to east. Their winter rangéhmvalley is primarily focused in five
discrete regions which include the Sacramento Yallee Sacramento-San Joaquin
Delta, the San Joaquin River National Wildlife Rggu(NWR) region, the Merced
Grasslands, and the Pixley NWR region (Fig. 3.hesSE regions support over 95% of the
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crane use in the valley. Most of our work was comeged on the Sacramento-San
Joaquin Delta region (hereafter, Delta) and waseted on several properties (Staten
Island, Cosumnes River Preserve, Isenberg Cranen®esand Stone Lakes National
Wildlife Refuge) that are managed to provide niglust sites for cranes and
subsequently support most of the cranes that wintiére Delta (Pogson and Lindstedt
1991, Ivey and Herziger 2003, U.S. Fish and Wiifervice 2007; Fig. 3.2). The Delta
region is primarily a rural agricultural landscdpedered by urban communities.
Agricultural land uses included field and silagencdall-planted wheat, rice, alfalfa,
irrigated pasture, dairies, vineyards and orchafrts.region also contains large tracts of
oak savannah and floodplain wetlands along the @oss and Mokelumne rivers.

We captured cranes primarily at Staten Island angl@nes River Preserve.
Staten Island (3,725 ha) was a large corporate thatwas purchased by The Nature
Conservancy (TNC) and is managed as an income-piregléarm but with a focus on
providing habitat for cranes and other wildlifeéivet al. 2003). The Cosumnes River
Preserve (9,915 ha within our study area), wadksited by TNC and is a
conglomeration of lands owned or under conservatasements by TNC, Bureau of
Land Management (BLM), Ducks Unlimited, Califorid@partment of Fish and Wildlife
(CDFW), State Lands Commission, California Departheé# Water Resources,
Sacramento County, and various private owners pttatide habitats for cranes
including seasonal wetland roost sites, oak save)rmganic rice and other crops.
Isenberg Crane Reserve, located on Brack Traotyieed and managed by CDFW and
consists of 2 seasonal wetland roost sites (tgf@bhha) that are surrounded by rice
fields and other private agricultural lands.

We defined 2 landscapes within our Delta studyaedgFig. 3.2) that differed in
the composition of habitat types available to wiimig cranes (U.S. Fish and Wildlife
Service 2007, Kleinschmidt Associates 2008). Previwork suggested that these
landscapes were far enough apart to be viewedstndiby Greaters (lvey and Herziger
2003). The Cosumnes-Stone Lakes landscape wagdbicathe northern portion of the
Delta, which included the Cosumnes River, MokeluRinger and Stone Lakes

Floodplains, and contained a greater diversityatfitats, including large areas of
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seasonal wetlands and native grasslands and oakrsstvs. The Central Delta landscape
in the east-central portion of the Delta encomph&taten Island, Isenberg Crane
Reserve and other islands north of Highway 4 wkiehe primarily composed of

croplands.

Capture, Radio Tagging, and Tracking
We captured and radio tagged a total of 33 Greaited 46 Lessers. All Greaters

and 29 Lessers were captured using rocket neesdbaith corn (Urbanek et al. 1991)
and noose-lines (Hereford et al. 2000) at Statemdis(4 Greaters and 9 Lessers) or
Cosumnes Preserve (21 Greaters and 20 Lessersydretw October 2007 and 27
February 2008. We used rocket nets to capturetiteofessers on a spring migration
staging site (Ladd Marsh Wildlife Management Areaar LaGrande, Oregon in April
2008 and used noose-lines to capture 10 Lessdleorbreeding grounds near Homer,
Alaska in August 2008.

For each crane captured, we determined subspeases! lon morphological
differences (Johnson and Stewart 1973). We mar&eld mdividual with a U.S.
Geological Survey (USGS) aluminum leg band andiguencombination of color bands.
For birds captured in California and Oregon, wadted a very high frequency (VHF)
transmitter Model AVL6171 (Sirtrack, Havelock Nortlew Zealand) that was mounted
to a tarsal band (Krapu et al. 2011). Transmittexgghed approximately 30 g (<1% of
body mass), had a life expectancy of 730 dayswaard equipped with a mortality
sensor. The 10 Lessers captured in Alaska wereedavkth platform terminal (satellite)
transmitters (PTTs; Model KiwiSat 202; Sirtrack,udbbck North, New Zealand),
mounted to a tarsal band, which weighed 45 grardshad a life expectancy of 180 days.
The PTTs were programmed to be on for 4 hours #fdra20 hours, repeatedly, during
fall migration (60 days; mid-August — mid-Octobdhen on for 4 hours and off for 116
hours during winter (60 days; mid-October — mid-8mber); then on for 4 hours and off
for 20 hours during spring migration (60 days mideBmber — mid-February),
afterwards, repeating these cycles. All birds weozessed and released at their capture

site within an hour after capture.
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We used hand-held 3-element Yagi antennas andletnounted null-peak
antenna system (Balkenbush and Hallett 1988, SaamakFuller 1996) to aid us in
visually locating VHF-equipped cranes in fieldsabrroost sites or to triangulate their
location using program Locate Il (Nams 2005). Vel lat least two staff tracking cranes
7 days per week (at least 8 hours per day) froncled) searching throughout the study
area during the entire study period. Searches w@rducted beginning when the first
cranes were marked during the first season (Octbbe2007) and continued for a few
days after the last marked crane was encounteradc(iW, 2008). During the second
season, we began monitoring marked cranes on Sketetfl, 2008 (first marked crane
encountered October 4, 2008) and continued foetays after the last marked crane
was located (through March 9, 2009). Our searcimiarked cranes was focused
primarily on our Delta Study area; however, to teaaarked birds missing from our
study area, we also conducted periodic searchethef crane wintering regions which
included 9 aerial searches (Gilmer et al. 1981;évabver 6, December 2, 2007, and
February 11, 26, October 28, November 4, 10, 18,ectember 5, 2008 and 7 ground
searches (December 23, 2007, February 11, 19, aceniber 11, 2008, and January 19,
February 4, and 6, 2009).

Statistical Analysis

Winter site fidelity We used our sample of radio-tagged cranes to stirater

movements and site fidelity at 3 spatial scalestFive calculated regional fidelity as the
percentage of cranes individual radio tagged cramgsar one in our Delta study area
that returned in year 2 (n = 27 Greaters, 20 Le¥}s@fe defined “region” as major crane
roost complexes separated by at least 35 km fréwer stuch complexes. In this context,
our Delta study area was one of 5 wintering regiarGalifornia’s Central Valley (Fig.
3.1). Second, we summarized the number of wintgions used by each radio-tagged
crane within each winter, combining the samplegtier2 seasons (n = 55 Greaters, 54
Lessers). Third, as another measure of fidelity stnaller spatial scale, we compared the
number of landscapes (one or 2) used by indivicheaked cranes of each subspecies
within our Delta study region (n = 52 Greaters|48sers). These 2 landscapes were

centered on the major roost complexes (see Study gection) used by most cranes
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(lvey and Herziger 2003). Lastly, at the smallgstt®l scale we compared the number of
local roost complexes used (defined as a set otadsd roost sites within 5 km of each
other) by individuals of each subspecies. We usglieFs Exact Test, using 2 X 2
frequency tables (Sokal and Rohlf 1981:738) to camapidelity metrics at each scale.

Movements and home range size. We quantified momntsig calculating daily

commuting distance and home range size. Firstaga @when we located the same
individual at its night roost and subsequent dagtfeeding locations, we used a
geographic information system to calculate comngudiistance as the linear distance
(km) between roost and feeding sites. Second, Welleted winter home range size
(km?) for each crane using the 95% fixed kernel me{twidrton 1989, Worton 1995,
Kernohan et al. 2001). We used the likelihood cradilation (CVh) tool in Animal
Space Use 1.1 (Horne and Garton 2007) as the singgihrameter (Rodgers et al.
2005) because it generally produces home rangeast with better fit and less
variability when home range is estimated from fethan 50 locations per animal (Horne
and Garton 2006). We report least squared meaisfarSall results.

We estimated home range size for a subset ofallesrthat were radio tagged. In
cases where we had multiple members of one familyradio tagged (adults and chicks
captured together and remaining together), we imluded one member of the family in
our analyses. Additionally, home range analysesbeasensitive to small sample size
(Seaman et al. 1999). Consequently, we evaluatedftacts of the number of locations
on changes in home range size and followed themwemmndation of Odum and Kuenzler
(1955), by only including individuals in our anakysvhose home range size stabilized as
locations were added (change of <10% for 10 sulesgdacations). Home range size
stabilized between 35-40 locations for most indinal$ (smallest was 26); however,
home ranges of a few birds did not stabilize, ewgh > 50 locations. Thus, from our
sample of marked birds, we used estimated homersiags for 27 Greaters and 10
Lessers during the first season and for 23 Greate<23 Lessers during the second
season.

We used a mixed-effects model (PROC MIXED, SAS/FTélease 9.2, SAS

Institute, Cary, North Carolina 2010), using maximlikelihood estimate to examine
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how commuting distance varied by subspecies, lap#sand date during wintering
season numbered from 1, beginning October 1(astncous variable) and how home
range size varied with subspecies and whether gaaong influenced home range size
(pairs + first year immature versus pairs withootiryg and unpaired cranes). We chose
this procedure because it accounts for repeatedures In both analyses we used a
square root-transformation of the data to normaheedistribution s, We included year
and also individual crane as a random effect becaesthought it likely that movements
closer to each other in time could be correlatetil@tause estimates of home range size
for an individual crane in 2 years were likely nudlependent. We modeled the
covariance structure of the data to control fos fhossible association and compared
among unstructured, compound symmetry (randomtsjfecariance components, and
autoregressive covariance models and chose theiaoga structure based on the lowest
Akaike’s Information Criterion corrected for smalimple sizes (AI€). Once the
appropriate covariance was chosen, we comparedh®explanatory variables
associated with commuting distance. An increassmimmuting distance with date can be
an indication of food depletion (Krapu et al. 200#us, we investigated whether such a
temporal pattern existed in our data for both sabss.

For the analyses of commuting distance and hongerasize, we constructed a set
of a priori models (Tables 1 and 2) and compared model perfarenasing an
information theoretic approach (Burnham and Andei2@02). We selected models
based on AI€ and resulting model weights. Models within AlC&eliences of 2 when
compared to the best model were considered conveetiwe used model averaging,
including models withilMAICc = 2 values of the best model, to estimate ipatars and
their confidence limits to evaluate the direction &ize of the effect for explanatory
variables in competitive models. We did not incllaledscape in our home range models
because some cranes used both landscapes.
RESULTS

Winter Site Fidelity
The number of times that we relocated individuads wimilar for both

subspecies, averaging once every 2.07 = 0.1 dayGr&aters and 2.08 £ 0.1 days for
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Lessers. Our sample of Greaters included 5 pa2@7, and our sample of Lessers
included 3 pairs and 3 family groups of 2 adultd ane first year juvenile. Both
subspecies showed strong fidelity to the Deltaaedpetween years (Fisher's Exact Test,
all P> 0.5) as 93% of Greaters (25 of 27) and 85% osées(17 of 20) returned to the
Delta the second winter. Of the 3 Lessers from gearthat did not return to the Delta in
year 2, one was juvenile when captured which watten the Sacramento Valley the
second season, and the other 2 were adults (cdphgether) that spent the first winter
as a pair but who apparently paired with otheniiatilials before returning to California
(one wintered in the Sacramento Valley and therath®lerced Grasslands), (a male and
a female) that were unpaired when captured, in grar The 2 Greaters that did not
return to the Delta (a male and a female) were boffaired adults at the time of capture
(likely subadults) wintered in different areas e tSacramento Valley the second winter.
All' 5 had been captured in our Delta study area.

Within-winter fidelity to the Delta, to landscapeghin the Delta, and to roost
complexes did not differ for Lessers radio taggethe Delta during year one versus
Lessers radio tagged in Alaska or Oregon that ose®elta study site in year 2 (no
difference, Fisher's Exact Te§t,> 0.5). Compared to all radio-tagged Lessers, @reat
showed stronger fidelity to the Delta, landscap#biwthe Delta and roost sites within a
landscape than Lessers (Fisher’'s Exact Fest0.0001). The vast majority of Greaters
(96%) used only one region (2 Greaters used 2 msjjivhereas, only 57% of Lessers
spent their entire winter in the Delta region, 348ed 2 regions (4 Lessers moved twice
between regions), and 9% used 3 regions (each igdétween regions 4 times). Within
the Delta, 88% of Greaters used only one landscapwared to only 26% of Lessers.
Finally, within a landscape, 83% of Greaters usag one roost complex compared to

20% of Lessers.

Commuting Distance

The distribution of commuting flights for each spkcies is illustrated in Fig. 3.3.
Our modeling of the covariance structure of thewdavealed that the autoregressive
heterogeneous structure had the lowestcAKD we used it in our subsequent modeling

to identify factors associated with commuting dise Our results indicated that 4
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competitive models, which together received 83%notlel weight (Table 3.1). Models
included subspecies and date while the best modkided the additive effects of
subspecies, date, landscape, and the interacttareée subspecies and landscape effects.
Mean commuting distance was shorter for GreateZ&sfD.4 km) than Lessers (3.1 + 0.1
km). Mean commuting distance for greaters was th9dss than for lessers in the

Central Delta Landscape, versus 2.8 km less thaledeers in the Cosumnes-Stone
Lakes Landscape. Commuting distance by landscap®wa& km and 0.33 km longer in
the Cosumnes-Stone Lakes than in the Central Bltsscape for greaters and lessers,
respectively. Commuting distance for all cranesaeased with date (0.01 + 0.003

km/day).

Home Range Sizes

The variance components covariance structureti@tbivest AlE, so we used it
in our subsequent modeling to identify factors agged with home range size. The
model which included subspecies and family sta¢gsived the greatest support among
those considered for explaining home range siteoadh the model which additionally
included an interaction between the two subspendsamily and the simpler model
including only subspecies were also competitiveb(@&.2). The null model, and the
model including only family status, received vittyano support. Models with
subspecies and the interaction between subspeuidamily received 99.9% of the
model weight (Table 2). Model-averaged mean homgeaize was an order of
magnitude smaller for Greaters (1.9 + 0.4°%kthan Lessers (21.9 + 1.9 kmMean
home ranges for Lessers pairs with young were smiddan pairs without young (17.1+
3.1 knf vs. 25.3+ 2.1k respectively). However, for Greaters there waslifference

between pairs with or without young.

DISCUSSION

Our study is the first to compare commuting disesnand winter home ranges
between crane subspecies and provides the filstastof commuting distance for
Greaters. The larger-bodied Greaters exhibited rsuwdller movements and home

ranges, which indicate that management and cortgm&hould occur at a significantly
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smaller scale than for Lessers, and because ofdtneng fidelity to winter sites, that
conservation should be focused near areas thategsaeaditionally use.

Our estimate of mean commuting distance for Lessawithin the range of
estimates reported from other studies in Saskatehé®ugden et al. 1988), Texas
(Iverson et al. 1985), and Nebraska (Sparling arap 1994, Pearse et al. 2010).
Several studies report estimates of home rangd@izeanes, but methods of estimating
home range vary considerably, making comparisorengmstudies difficult. A previous
study in California estimated a much larger avetam®e range for Lessers (342%m
Petrula and Rothe 2005) than the 22 kinait we report; however, that study used a
minimum convex polygon approach for calculating lkeaiange and included
observations from multiple winter regions, such gnalygons included large areas of
unsuitable habitat (e.g., urban areas) not usextdnes.

Differences in movement patterns between subspeceslikely partly
attributable to a suite of factors that togethduance the evolution of crane ecology
during winter including body size, dominance, sbsystems, and possibly diet, similar
to what has been shown with geese (Johnson andiRa®888, Durant et al. 2004,
Jénsson and Afton 2009, Mini 2013). Larger bodieda®ers may meet their higher total
energy need by engaging in less energy-intensitreitées such as flight (Newton 2010),
and they may be able to stay in food patches lobgeause they can forage to a lower
food density and use their larger bills to accessl$ not available to Lessers (e.g.,
deeper in the soil). Greaters may be able to exnace energy from lower quality foods
than Lessers (Demment and Van Soest 1985), ddpietereserves more slowly and
have higher fasting endurance (Afton 1979, Thom@suwhRaveling 1987), and may take
more time to reach starvation thresholds (Afton@ 98drich and Raveling 1983,
Johnson and Raveling 1988, Afton and Paulus 18&)h limitations may translate to
the smaller Lessers increasing their foraging ti@eutney et al. 2001), having higher
giving-up food densities (the food density withipatch when the animal will choose to
move on to other food patches; Marginal Value TherGharnov 1976), and selecting
higher quality feeding patches (Demment and VarsSb@85; Durant et al. 2004),
causing them to move among habitat patches maosa tftseek higher quality patches
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that may be more dispersed on the landscape. lssers may need to store more
energy for their longer migration and harsher cbonds upon arrival in their more
northern breeding grounds. In our study area, lrtesgeent more time foraging than
Greaters (86% vs. 67%, respectively; lvey, unptielisdata).

In addition to energetic considerations, smallesders are more likely to be
displaced from feeding fields by the dominant Geea{Shelley et al. 2004; G. L. lvey,
personal observation). Average food intake rat€bsmon Craned3. grug in Spain
was positively related to dominance (Bautista e1895). Contributing to displacement
of Lessers is the possibility that some Greatezderitorial on our study area during
winter as documented for Common Cranes (Alonst. 084) or feed in small groups
dispersed on the landscape near roost sites; Whdgers feed in larger flocks. Perhaps
Greaters tend to be more territorial on winteringumds while Lessers tend to be more
gregarious and forage in flocks which would conttéto differences in home ranges, as
was evidenced by regular observations of isolates f foraging Greaters (not among
flocks; G. L. Ivey, personal observation).

Diet preferences may also influence movement petté&tudies on relationships
between body size and home range size indicatertytic status is correlated with
home range size; specifically herbivores tend teetmsmaller home range than
omnivores (intermediate) and carnivores (largesiioSner 1968, Harestad and Bunnell
1979). Though cranes are generally omnivores, theirin the Delta has not been
guantified. Lessers preferred to feed in alfalédds (Ivey et al. 2011), and research
elsewhere has documented a high invertebrate coenptmthe diet when cranes are
feeding in alfalfa (Reinecke and Krapu 1979, Krapal. 1984, Reineke and Krapu 1986,
Rowland et al. 1992).

During winter, Sandhill Cranes are central plamaders, flying out from central
night roost sites to forage nearby. Central placading theory (Ashmole’s Halo, or
refuging theory) predicts that individuals concatgd within a central place will increase
distance traveled over time as easily accessedresmlirces near the central place are
depleted (Ashmole 1963, Hamilton and Watt 1970, @mc Afton 1996, Elliot et al.

2009). We found that commuting distance increasesiater progressed for both
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subspecies but that the magnitude of the relatipngas small (an increase of ~1.5 km
through the winter), suggesting food depletion waispervasive throughout the study
area. The fact that Greaters remained sedentagestggfood was not depleted. On the
Platte River in Nebraska, a major spring stagimgaandhill Crane commuting
distances increased as spring progressed (Peak&@10). Also, in that region,
commuting distances increased considerably dupngg staging between the 1970s and
1990s, apparently due to declines in waste coritadiiity from increased competition
with waterfowl, improved harvest efficiency, anaver acres planted to corn (Krapu et
al. 2004, Krapu et al. 2005, Pearse et al. 201@n1Buting distance may not reflect food
depletion for Lessers who might use movement anmoast sites as a strategy for
mitigating local food depletion.

Periodic observations of marked Greaters indicateesindividuals have wintered
in the Delta for over 12 years (G. L. Ivey, unpabid data), demonstrating that the
pattern we observed during our 2-year study mag fasl much longer. Of the 5 cranes
from year one that did not return to the Delta@ary2, one was captured as a juvenile
Lessers, 2 were adult Lessers, captured togetaesplent the first winter as a pair but
who apparently paired with other individuals befortirning to California (they
wintered in separate regions), and 2 were aduldi®re (a male and a female) that were
unpaired when captured, suggesting they were sitisadwyear one. All were captured in
our Delta study area. Age and pair status likelytgbuted to their failure to return. A
study in Georgia reported that age had a majone@nite on crane winter site fidelity, as
the return rate for adult cranes was 2.4 timestgréhan that of subadults, and among
subadults, birds banded as juveniles exhibitedavest return rate (Bennett and Bennett
1989). Re-pairing by the Lessers may have resuitachew pair bond between birds that
used different winter regions.

Possible survival and reproductive advantagesasfes returning to the same
wintering area include knowledge of the distribotaf food resources, roost sites, and
predators as reported for waterfowl (Raveling 19%8hols et al. 1983, Hestbeck et al.
1991, Iverson and Esler 2006) and other avian espdBiappole and McDonald 1994,

Sherry and Holmes 1996, Monroy-Ojeda et al. 20B8fause cranes remain paired for



52

the entire year, they do not need to reunite,dalify to the wintering grounds must have
some ecological advantage (e.g. familiarity witlogidoraging areas or safe roosting
sites; Raveling 1979pite fidelity may have the advantage of allowindiuduals to
maintain social connections among families withgiderm pair bonds and extended
parental care (Raveling 1969, Robertson and Co8R8)1 Sandhill Cranes exhibit a
resource-based mating system, where males seatdimaaintain the nesting territory and
a female chooses a mate partially on the basiseofiiality of a male's territory (Nesbitt
and Wenner 1987, Nesbitt et al. 2002). The domieatatus of the male largely
determines the status of a pair (Nesbitt 1981)rasdole is as the primary resource
defender (Nesbitt et al. 2002). Since the maled hotl defend nesting territories it is
likely they also take the dominant role in defemgdivintering resources for pairs and
families.

Estimates of winter fidelity by Greater Sandhila@es vary among studies, likely
reflecting differences in habitat predictability angy study areas (Drewien et al. 1999). A
study of wintering Greaters in Georgia reportedlatively low return rate (34%), which
the authors speculated was caused by variable sdestonditions (Bennett and Bennett
1989). Similarly, Greaters in Florida moved betweantering areas in response to
changes in roost water levels and loss of forapadgtats (Wenner and Nesbitt 1987). A
previous study of Greaters in the Central ValleZafifornia reported much lower winter
region fidelity documenting that 22% of marked ki{dompared to 4% in this study)
used 2 wintering regions, the Sacramento Valleythadelta (Pogson and Lindstedt
1991). Perhaps ideal roost site conditions in txe&nento Valley during the 1980s
were less reliable, as most roost sites were aagriands that were not managed to
provide ideal conditions for cranes. These pattsuggest that Greaters likely prefer to
return to the same areas each winter and thdidd#éy could provide an indication of
habitat quality or management success, but thegagpable of being opportunistic and
shifting wintering regions when habitat becomesuitable. However, the cost of such

movements in terms of survival and reproductivesss is unknown.
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Management Implications

The combination of high winter site fidelity anijh winter survival suggests the
current landscape composition and roost site mamagefor Sandhill Cranes in the
Sacramento-San Joaquin Delta Region of Califosi@aviding high quality wintering
habitat for both Lesser and Greater Sandhill Cravéthin the Delta, conservation
planners should consider the combination of a roostplex and surrounding
agricultural fields as the fundamental ecosysteihfanmanaging wintering Sandhill
Cranes. The extremely strong fidelity of Greatersobst complexes within landscapes in
the Delta indicates that conservation planningdted at maintaining and managing for
adequate food resources around traditional rotest san be effective for meeting their
habitat needs. Most Lessers relied on multipleablat units (roost complex + fields)
spread around the Delta to meet their winter habgads.

Our data on commuting distances provide a useéalsure of scale for thinking
about habitat conservation planning around suitedget sites. To maintain high use of
traditional roosts by Greaters, we recommend tbaservation planning and land use
zoning actions consider all habitats within 5 knadhown crane roost. That radius
encompassed 90% of the commuting flights made leatérs but only 64% of flights by
Lessers. For Lessers, a conservation radius ofrl@éuld encompass 90% of the
commuting flights, and we recommend using thisuadan the San Joaquin Valley
regions, where flocks are dominated by Lessers/@ 6f flocks; Ivey et al. 2014).
Management, mitigation, acquisition, easement,rptag) farm subsidy programs, and
research intended to benefit cranes will be mdstg¥e when applied at these scales. If
management plans included a desire to create reave @cosystem units on the
landscape, locating new roosts on the periphegxisting ecosystem units would be
most effective as they should be readily discoveegdn by the comparatively sedentary

Greaters.
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Figure 3.1. Major sandhill cran&(us canadens)swintering regions within the Central
Valley of California. From north to south: SacranmeXalley, Sacramento-San Joaquin
River Delta, San Joaquin River National Wildlifefekge region, Merced Grasslands, and
Pixley National Wildlife Refuge region.
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Table 3.1. Models to identify factors influencingcommuting distance of Greater
(Grus canadensistabida) and Lesser (. c. canadensis) Sandhill Craneswintering in
the Sacramento-San Joaquin Delta, 2007-2008 and B332009. Models are ranked
according to Akaike’s information criterion adjusted for small sample size (AIQ).
The number of parameters k), change in AlCc (AAIC c), and AICc weights () are
given for all models. Models withAAIC c< 2 were used in model averaging to
calculate mean commuting distance.

Model structur® K AAICC® Wi

SD 5 0 0.29
SDLS*L 7 0.5 0.23
SDL 6 1.3 0.15
SDS*D 6 1.3 0.15
SDLS*D 7 2.7 0.08
S DL D*L 7 3.3 0.06
SDL S*D S*L 8 4.1 0.04
SL 5 13.9 0.01
SLS*L 6 15.9 0.01
D 4 68.3 0.00
L 4 79.6 0.00
NULL 3 82.1 0.00

®S = subspecies as Greater or Lesser Sandhill CRaresontinuous date (15 Oct -28
Feb); L = Landscape (Cosumnes-Stone Lakes or C@&wita); NULL = no effects
model

"Lowest AlCc = 1296.3

Table 3.2. Models to identify factors influencing% fixed kernel home range sizes of
Greater Grus canadensis tabidand Lesser Sandhill Crans. ¢ canadensis
wintering in the Sacramento-San Joaquin Delta, 28 and 2008-2009. Models are
ranked according to Akaike’s information criteriadjusted for small sample size
(AICc). The number of parameteig,(and AlG: weights (v) are given for all models.
Models withAAICc< 2 were used in model averaging to calculate nheame range
size.

Model structur@ K AAICC Wi
SF 5 0 0.40
S F S*F 6 0.5 0.31
S 4 0.6 0.29
F 4 103.6 0.000
NULL 3 101.8 0.000

®S = subspecies as Greater or Lesser Sandhill CFaneranes with chicks versus adults
and subadults without chicks; NULL = no effects ralod
PLowest AlC: = 248.5
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Chapter 4

HABITAT USE BY SANDHILL CRANES WINTERING IN THE AGRCULTURAL
LANDSCAPE OF THE SACRAMENTO-SAN JOAQUIN RIVER DELT®F
CALIFORNIA

Gary L. lvey

ABSTRACT
The Sacramento-San Joaquin River Delta region bfo@aa is an important

wintering region for sympatric greatésius canadensis tabijland lesserG. c.
canadensissandhill cranes. Basic information about sandindihe use of habitats in
their winter landscape is needed to design biollyidriven conservation strategies. |
monitored radio-tagged birds of each subspeciesMomwinters and conducted foraging
counts to document their habitat use. With the pttoe of vineyards and orchards,
cranes used the major crops and habitat typesvirat available in the landscapes
surrounding their roost sites, but focused mosheir foraging in grain crops. Cranes
generally avoided dry corn stubble, selected dry stubble early in the season, and
rarely used dry wild riceZjzania palustri¥ stubble. Tilled fields were usually avoided
but were occasionally used shortly after tillagaildéhed corn ranked high in comparison
to other corn treatments while mulched rice wasl ssailarly to dry rice stubbldBoth
crane subspecies often showed high selection pfamds when fields were initially
flooded. Cranes were also attracted to new plasitrigpasture and winter wheat. One
important difference between the subspecies waddbsers used alfalfa which was
generally avoided by greaters. If wildlife managesst to favor winter field use by
foraging cranes they could provide incentivesfémorable practices such as for
production of grain crops, to reduce or delaygdand flooding of grain fields, to
periodically irrigate pasture and grain stubblepcypes, and to increase the practice of
mulching of corn stubble.

INTRODUCTION
The Central Valley of California is the major wintey area for populations of

two subspecies of Sandhill crar@r(s canadens)ghat winter in the Pacific Flyway of
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western North America (Pacific Flyway Council 198897). While cranes are a focus
for conservation in the Sacramento-San JoaquinrRe#ta (hereafter, Delta) region,
most actions have centered on acquisition and neanagt of roosting habitat. Thus,
most major crane roost sites occur on public lanath as National Wildlife Refuges,
State Wildlife Areas, or conservation reserves |evbonsiderable foraging occurs on
adjacent private lands (Littlefield 2002, Ivey dndrziger 2003). These private lands are
not typically managed to optimize food availability cranes, and are under increasing
pressure from urbanization, changes in agricultorattices, and water supply
limitations (Ilvey 2014) that threaten to comprontise capacity of the Delta region to
support cranes during fall and winter.

Historically, cranes likely depended on the vasbdplain and basinal wetlands of
the Central Valley to provide foraging and roostirapitat, but those wetlands have been
reduced by > 90% since European settlement (Fetyar 1989). However, like some
species of waterfowl (e.g., Foster et al. 2010hesahave adapted to use agricultural
habitats and now commonly feed in grain fields soche row crops (Lovvorn and
Kirkpatrick 1982; Krapu et al. 1984; Iverson etE85; Reinecke and Krapu 1986;
Iverson et al. 1987; Walker and Schemnitz 1987,d8aget al. 1988; Sparling and Krapu
1994; Ballard and Thompson 2000; Littlefield 2002yvis 2003). Although it is
common knowledge that cranes will use agriculthedditats during migration and
winter, few studies have quantified how they udaithés or how post-harvest field
treatments impact field use by sandhill cranes,ranst studies have focused on
wintering and staging in Nebraska and Texas, wtieragricultural landscape differs
considerably from California. Two studies docuneeintrane use of agricultural habitats
in the rice-dominated landscape of the northerme®aento Valley of California
(Littlefield 2002, Shaskey 2012); however, no sacdme habitat use information is
available for the more diverse agricultural langesawithin the crane wintering regions
of the Delta or the San Joaquin Valley.

No studies have compared habitat use between stibsygé sandhill cranes. The
greater G. c. tabidd and lesserG. c. canadensjssubspecies are sympatric during

winter in the Central Valley to the extent thatyttshare winter roost sites and often
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forage in the same fields. Greaters are large (rhedy size for males = 4.9 kg), and
relatively short distance migrants (mean breedatituide 48 N) compared to lessers
(mean body size for males = 3.9 kg; mean breedititlidle 65 N; Johnson and Stewart
1973). These differences in body size may influgheeforaging choices of the
subspecies, as body size influences the scaléitidlstrespond to landscapes (Thornton
and Fletcher 2014) and avian energetics (McNab ,22003). Consequently, assuming
habitat use is similar between subspecies is imgpjate, and research on habitat use of
these two subspecies is essential to their hatotadervation and management planning.

Here, | report results from a study of crane hahit in the region of California.
My objectives were to compare foraging habitat sypeross two major landscapes used
by each crane subspecies, and also assess halatdion by crop type and post-harvest
field treatment for each subspecies. Resultsheilh improve our basic understanding of
crane winter foraging ecology and contribute toadeping recommendations for
optimizing sandhill crane use of croplands.
STUDY AREA

My study area was the San Joaquin-Sacramento Riiést Region, one of the
major wintering regions for cranes in the Centrall®y (Fig. 4.1) which included several
properties managed to provide night roost sitesifanes (Staten Island, Canal Ranch,
Cosumnes River Preserve, Brack Tract, and Stoned Hlational Wildlife Refuge
[NWRY]; described below) that subsequently suppastnof the cranes that winter in the
Delta (Pogson and Lindstedt 1991, USFWS 2007, @naptFig. 4.2). The Delta is
particularly important for greaters of the Centvalley Population (Pogson and
Lindstedt 1991, Pacific Flyway Council 1997). Thegiion consists primarily of an
agricultural landscape bordered by expanding udsammunities. Major agricultural land
uses include field and silage corn, fall-planteth{er) wheat, rice (organic and
conventionally grown), alfalfa, irrigated pastudajries, vineyards and orchards. The
region also contained some relatively pristinetsaé oak savannah and floodplain
wetlands along the Cosumnes and Mokelumne rivers.

Staten Island (3,725 ha) is a large corporate taahwas purchased by The

Nature Conservancy (TNC) in 2002. TNC continuesitmage Staten Island as a
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profitable farm but with a focus on providing habitor cranes and other wildlife and
developing wildlife-friendly farming practices thedin serve as a demonstration to other
farmers in the region (lvey et al. 2003). The iglanimarily provided field corn with
some fall-planted wheat and irrigated pasture. Soihtiee fields are flooded in early
autumn and managed as crane roost sites throughofrtbe winter.

The Cosumnes River Preserve (9,915 ha within nysarea), located along the
Cosumnes River Floodplain, was established in 188VNC and is a conglomeration of
lands owned or under conservation easements byamdGts agency partners (Bureau of
Land Management [BLM], California Department oftiFend Wildlife [CDFW],

California Department of Water Resources, Califai@iate Lands Commission, Ducks
Unlimited, Inc., Galt Joint Union Elementary Sch@astrict, Natural Resource
Conservation Service and Sacramento County DepattoidRegional Parks). The
Cosumnes River Preserve manages habitats for dracieding seasonal wetland roost
sites and organic rice fields. BLM owns most of Breserve’s wetland habitats and
manages them as well as the farming program.

Brack Tract is approximately 4,050 ha and includgsortant crane roosts on
both public and private lands. Public land on thadB Tract includes the Isenberg
Ecological Reserve, owned and managed by CDFWRHEserve consists of two
seasonal wetlands totaling 60 ha that provide mgbst sites. These sites were purchased
in the mid-1980s because they were traditional @vimosts for cranes. They are
surrounded by private agricultural lands, includinigrge area of rice fields, which were
winter flooded and also provided night roosts fi@nes.

Stone Lakes NWR (7,140 ha) has developed 410 baasfonal wetland sites that
are used as sandhill crane nocturnal roosts anchvene near private agricultural lands.
The refuge also provides croplands such as irrigpésture, alfalfa, and occasionally
grain crops for cranes and other wildlife.

| partitioned my Delta study region into two landpes (Fig. 4.2) that differed in
habitat types available to wintering cranes (USFX87, Kleinschmidt Associates
2008). These landscapes were far enough apartigwed as distinct by greaters

(Chapter 3). The northern landscape included treu@oes River, Mokelumne River
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and Stone Lakes Floodplains (hereafter, CosumBésne Lakes landscape) and
contained a high diversity of habitats, includiagge areas of seasonal wetlands, native
grassland and oak savannah. The southern landsnapmpassed Staten Island, Brack
Tract, Canal Ranch and other Delta Islands (hexedfentral Delta landscape) and is
primarily composed of croplands on Delta tracts isfahds.
METHODS
Capture, radio-tagging, and tracking

| captured and radio tagged a total of 33 greaerds45 lessers. All greaters and
29 lessers were captured using rocket nets baitidcarn (Urbanek et al. 1991) and
noose-lines (Hereford et al. 2000) at Staten Is(dngreaters and 10 lessers) or
Cosumnes Preserve (28 greaters and 21 lessergdmew October 2007 and 27
February 2008. Additionally, | rocket netted sigders on a spring staging site (Ladd
Marsh Wildlife Management Area near LaGrande, Ong¢go April 2008 and captured
ten lessers with noose-lines on their breedingmplemnear Homer, Alaska in August
2008. | identified mated pairs by observing thahévior before capture and confirmed
pair status during later tracking and observatpairs and family groups remained
together through the winter period and remained@ated as a family unit within flocks.

For each crane captured, | determined subspecsesi lwen morphological
differences (Johnson and Stewart 1973). | market ealividual with a U.S. Geological
Survey (USGS) aluminum leg band and a unique coatioim of color bands. For birds
captured in California and Oregon, | attached & Wegh frequency (VHF) transmitter
Model AVL6171 (Sirtrack, Havelock North, New ZeatBrthat was mounted to a tarsal
band (Krapu et al. 2011). Transmitters weighed axprately 30 g (<1% of body mass),
had a life expectancy of 730 days, and were eqdippta a mortality sensor. The 10
lessers captured in Alaska were marked with btk & transmitter (as described above)
and a platform terminal (satellite) transmitter TP model KiwiSat 202; Sirtrack,
Havelock North, New Zealand), mounted to a tarsald) which weighed 45 grams and
had a life expectancy of 180 days. The PTTs warsgrammed to be on for 4 hours and
off for 20 hours, repeatedly, during fall migrati(60 days), then on for 4 hours and off
for 116 hours during winter (60 days); then on4drours and off for 20 hours during
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spring migration (60 days). All birds were procebkaad released at their capture site
within an hour after capture.

My handling of cranes was conducted under the djuekeof the Oregon State
University Animal Care and Use Committee (proje28@5) to ensure methods were in
compliance with the Animal Welfare Act and Unitetdt®s Government Principles for
the Utilization and Care of Vertebrate Animals Ugedesting, Research, and Training
policies. Cranes were captured under CDFW permi8@8070-02 and USGS federal
banding permit MB#21142.

Habitat use by radio-tagged cranes in two Delta lagtiscapes

| used hand-held 3-element Yagi antennas and k-tnauinted null-peak antenna
system (Balkenbush and Hallett 1988, Samuel ani@FL®96) to aid us in visually
locating VHF-equipped cranes in fields or at raosds or to triangulate their location
using program Locate Il (Nams 2005). | used myaddgged cranes as a random
sample to characterize broad patterns of habittruthe Delta region of my study area.
Habitat types available included corn, wheat, (arganic and conventionally grown),
wild rice, pasture, alfalfa, savannah, fallow, \w&atl, Sudan grass, and safflower. For
each radio-tagged crane, | summarized the halis&ts during morning (0700 - 1000
hrs) and afternoon (1600-1830 hrs) foraging perasithe percentage of all observations
that occurred in each habitat type and comparedatalse by subspecies in each
landscape (Cosumnes-Stone Lakes vs. Central Delta).

| used a likelihood-ratio chi-square test (PROEERSAS/STAT release 9.2,
SAS Institute, Cary, North Carolina 2010) to congplaabitat use between the subspecies
and habitat use by each subspecies between thenGestStone Lakes and Delta
landscapes. | compared only habitats that werdadlaiin both landscapes for the
subspecies by landscape comparison.

Influence of agricultural practices on habitat seletion

| used radio-tagged birds to provide a broad ataraation of habitat use as
telemetry permitted documenting locations when e€samere out of visual range.
However, | could not assign post-harvest croppiragiices for all fields used by radio-

tagged birds. Consequently, | conducted roadsideegs on Cosumnes River Preserve,
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Brack Tract, and Staten Island (which are sepacatst site complexes) to compare
habitat use versus habitat availability for variagsicultural cropping practices and
management strategies (e.g., till, mulch, or floddhese areas included the most heavily
used crane roost complexes and differed in the ositipn of habitats available to
cranes. Two experienced observers conducted biwéedgresenting 14 day periods
(defined as early Oct., late Oct., early Nov., Mtw., etc.) surveys during morning
feeding periods (0700-1000 hrs) between 9 Octobev¥ 2nd 13 February 2008, and
between 8 October 2008 and 11 February 2009. ACtsimnes River Preserve, surveys
covered the agricultural fields used for organie production (404 ha). On Brack Tract,
| was limited to Woodbridge Road, the county rdaat transects the area and surveyed
the 850 ha which were clearly visible from the roatStaten Island, | surveyed the
entire 3,725 ha agricultural land base.

| counted all flocks from vehicles using binocsland spotting scopes and
identified all cranes observed as greaters or legseng morphological characteristics
described by Drewien and Bizeau (1974). Some srappeared intermediate in size and
were probably the Canadian subspedigsg, rowan). However, only one of the cranes
(1.5%) that I captured during this study measured @anadian, suggesting this source
of bias is very low. For approximately 20% of fledkat were too distant to identify
subspecies, | assumed the same overall subspatieeas flocks where subspecies could
be assigned for a given count interval.

During each survey | mapped habitat as alfalfan,adce, wild rice, fall-planted
wheat, safflower, irrigated pasture (as newly @drdr formerly established), fallow
fields, vineyards, and orchards. Additionally, Ippad associated habitats that were used
by cranes, including temporary water managemeielgvthe sides of main levees at
Staten Island and unpaved (i.e., dirt and grawaljis. | also recorded the post-harvest
condition of each field during each survey as dupkle (harvested and no post-harvest
stubble treatment), mulched (harvested and stuttdeked down and chopped or
ground), tilled (plowed or disced), and floodea¢@itied stubble and flooded in addition
to other post-harvest treatments). Additionally,itneat and pasture | distinguished

between crops established from the previous gros@agon and those newly planted in
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the fall. By recording habitat conditions during\seys, | was able to track how habitat
availability changed over time. | calculated theaaavailable in each habitat type by
management category during each survey using Are€iSlon 9.2 (ESRI, Redlands,
California).

Habitat selection is a process of behavioral a®tbat may result in a
disproportionate use of habitats to influence stavand ultimate fitness of individuals
(Johnson 1980, Block and Brennan 1993%).compare habitat selection for each
subspecies during each survey period, | used &rlegr analysis of categorical data
based on saturated models (PROC GENMOD, SAS vegsigrHeisey 1985, Erickson et
al. 2001). | analyzed data separately for the thed®tat survey areas. The offset variable
was the natural log of the proportion of availaiddbitat. Selection or odds ratios with
95% confidence intervals were generated for eabitdtdype (Erickson et al. 2001).
Ratios overlapping 1 indicated no selection, rabe®w 1 indicated less selection
(avoidance), and ratios above 1 indicated highlecsen (preferred or favored). |
calculated these ratios for habitat types by mamagé condition (e.g., mulched corn or
tilled corn) category during each survey date ahesite. It was necessary to calculate
selection coefficients separately for each sungelabitat availability and bird
abundance changed over time. The relative dedirabfleach habitat was assessed by
the ratio of two selection ratios (Erickson et2401).

RESULTS
Habitat use by Radio-tagged cranes

Radio-tagged cranes were recorded in 1,645 fogdgrations during the two
years of this study and documented crane use bébRat types during morning and
afternoon feeding periods, including fields of caine, wheat, alfalfa, safflower, Sudan
Grass, and fallow fields, pastures, seasonal watlavek savannahs. In addition to these
habitats, cranes also used field levees and dirgaavel roads. Agricultural croplands
and pastures accounted for 84% and 93% of theygeehters and lessers, respectively.
For the entire study area, the highest use by gneatas in corn (33.1%) followed by rice
(27.7%), pasture (10.0%), oak savannah (8.8%pvalields (7.6%), wetlands (5.8%),
wheat (2.8%), Sudan grass (2.0%), and other hal{iteh%; Fig. 4.3). For lessers, the
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highest use was also in corn (52.9%), followed laifa (15.0%), pasture (9.8%), rice
(7.5%), wheat (5.0%), oak savannah (3.9%), wetldhd®6), fallow fields (1.7%),
levees (1.1%), and other habitats (1.7%; Fig. 413)e two subspecies used similar
proportions of cereal grains (63.6% use of graingfeaters vs. 65.4% by lessexé=
0.55, p = 0.46) and most other habitats, with tteeption of the high use of alfalfa by
lessers (0.6% use by greaters vs. 15.0% use bréegs= 145.6 p < 0.01). Cranes were
never located in orchards, vineyards, blueberigdieturf farms, or nursery crops even
though these crops were common in the study area.

Use of foraging habitats differed between subgseiti both the Cosumnes-Stone
Lakes = 85.7, p < 0.0001) and Central Delgd € 88.0, p < 0.0001) landscapes. In the
Cosumnes-Stone Lakes landscape, greaters usetblice/ed by corn, pasture,
savannah, and fallow fields. Their use of rice talldw fields was higher than lessers. In
contrast, lessers most often used corn followeddsgure, and rice and their use of corn
and pasture was higher than greaters (Fig. 4.4).

In the Central Delta, corn was the most commoritatbsed during the foraging
periods by both subspecies, but it was used mogrdmaters, while lessers used alfalfa
and pasture more than greaters (Fig. 4.4).

Use of foraging habitats differed between landsesdpr both greaterg{ =
280.8, p < 0.0001) and lessexs € 139.4, p < 0.0001). For both subspecies, thebeum
of habitats used was higher in the Cosumnes-Staked landscape than in the Central
Delta landscape (Fig. 4.5). For greaters, corn ca®g over 75% of habitat use in the
Central Delta landscape compared to only 21% irCibeumnes-Stone Lakes landscape.
Use of wheat by greaters was also higher in thdr@leDelta. Greaters used cereal grains
in higher proportions than other habitats in battidiscapes, with the highest use in rice in
the Cosumnes-Stone Lakes landscape, while lessarsdd on corn in the both
landscapes (Fig. 4.5). Greaters in the Cosumnasdtakes landscape offset lower corn
use with higher use of rice, pasture, savannatlfalodv. Corn use was similar for lessers
in both landscapes; it comprised about half ofiloce, but use of alfalfa and wheat was
relatively high in the Central Delta, while usepafsture, savannah, fallow and wetland

was higher in the Cosumnes-Stone Lakes.
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Influence of agricultural practices on selection oforaging habitats

| conducted 23 surveys in 2007-2008 (of 30 possiBlroost complexes, 10
survey periods) and 27 surveys in 2008-2009. Adawey periods were missed for
some roost complexes because of inclement wedthemuddied roads and prevented
access. The availability of foraging habitats véwaeound each roost complex and
changed during winter as fields were subjectedfterdnt management actions
associated with post-harvest field treatments plalhtings, and field flooding. Patterns of
habitat selection were complex and sometimes @éiffdetween landscapes for a specific
crop typef/field treatment combination, trends wdemntified. Appendix A details
selection ratios for each survey.

Grain crops—Crane response to management of dry corn habgaisdy Dry
corn stubble was generally not used by cranesioéresubspecies in either year and
when used, use was almost always less than awafiadl, avoided; Table 4.1). Both
subspecies avoided tilled corn stubble during itts¢ Winter but occasionally selected
(i.e., used at higher rate than available) thistaatype the second winter. Mulched corn
stubble was selected much more often than othestdbble conditions, as both
subspecies regularly selected this condition, aeily during the second half of each
season.

Use of flooded corn stubble treatments was als@diiThe initial flooding of any
previously harvested corn field often resultedatestion (Table 4.1). Greaters
consistently selected flooded-tilled fields, whareae of flooded stubble quickly
declined to be avoided or not used. Flooded stuabtl tilled stubble treatments were
selected more often than dry conditions, whilemulched stubble was selected more
often than when this treatment was flooded. Dutiregsecond winter, late season
irrigation of mulched corn stubble fields at Stalgland was very attractive to cranes,
resulting in frequent selection and very high sibecratios (Appendix A-Table Al).

In contrast to corn, dry rice stubble was moresgsiantly used by both species in
both years with periodic selection throughout wingad tilled dry rice fields were rarely
used by either species in either year (Table 4.#e corn, dry mulched rice was
regularly used by both subspecies and the higleésttgon occurred during November,
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after which it was generally avoided. Flooding gaiig resulted in increased selection of
rice in both years, regardless of field treatm8&election for flooded organic rice stubble
and flooded mulched rice stubble was particulatigrgy early during their availability in
both years (Appendix A-Table A4), while floodeddd stubble was primarily selected
when it was first flooded and generally avoidedeotyise. Flooded organic rice types
were often selected throughout the season at CasiRiver Preserve, in contrast to
tilled conventional rice at Brack Tract, which wiasored when initially flooded, but was
generally avoided after that.

Tilled wheat stubble, dry or flooded, was rarelgdiby either subspecies except
dry tilled wheat in year 2 (Table 4.3). In that ydaoth subspecies selected this habitat
early in fall, but generally avoided it thereaftElooded tilled wheat was only selected
one time for each subspecies, early during itslalviéity and otherwise avoided. Crane
use of fall planted wheat varied by location. Aat8h Island, greaters selected new wheat
during the first survey that this habitat was aali, but at Brack Track they avoided this
crop. The general pattern was that cranes favaledlanted wheat early during its
availability and used it less as the season pregtes

Other habitats.-Greaters only used alfalfa during one survey inegiyyear and
generally avoided this crop (Table 4.3), whereassérs regularly used alfalfa and often
selected for it throughout winter. Established pas¢ 1 year since planting) was
unused at Brack Tract; it was more commonly useddnph subspecies on Staten Island,
but largely avoided (only selected once, by grexté&tewly-planted pasture was only
available at Staten Island where it was regulaglgcted by greaters in both years and by
lessers in year 2 (Table 4.3).

Dry safflower stubble was never used, while tilgadflower stubble was only
used once, by greaters, and was otherwise avoiddig 4.4). When initially flooded,
tilled safflower stubble was selected by both sebss. Fallow fields on Bract Tract
were never used, while tilled fallow fields at Coses River Preserve were infrequently
used and never selected.

Although dirt roads comprised a small percentdgbeavailable habitat and

were used sporadically, when used, they were sietted by both subspecies (Table
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4.5). Temporary field levees at Staten Island vi@vered very early each winter by both
subspecies, but were generally avoided or usedboption to their availability as

winter progressed and the use pattern was sinoilaewly tilled fields. The main levee at
Staten Island was rarely used and generally avdigiegieaters; while in contrast, lessers
used it regularly and often selected this hab@specially in the second year.
DISCUSSION

Habitat use by radio-tagged cranes differed bgdaape within the Delta. Cranes
using the Cosumnes-Stone Lakes landscape wermoradiverse landscape and
consequently, used a greater diversity of foragiagitat types than cranes in the Central
Delta landscape. Foraging habitat availabilityictated by location relative to roost sites
and the distance birds are willing to travel tadfiood. Lessers often travel farther to
feed (Chapter 3) and therefore a different compmsinf habitats was available to lessers
than greaters.

Cereal grains provide the major source of eneogyriigrating and wintering
sandhill cranes (Tacha et al. 1987, Iverson €it387). The high proportion of use of
cereal grains | documented is consistent with figdiof other studies of wintering and
staging sandhill cranes (Lewis 1979, Lovvorn andkpatrick 1982, Krapu et al. 1984,
Iverson et al. 1985, Reinecke and Krapu 1979, 188§den et al. 1988, Sparling and
Krapu 1994, Davis 2001, Littlefield 2002, Davis 3)0Grain crops were very important
to cranes in both landscapes. For example, greasarg the Cosumnes-Stone Lakes
landscape were found most often in rice grown @Gbsumnes River Preserve (likely
because of their shorter foraging flights; Chafjewhile lessers using that region were
found most often in more distant corn fields. Saml, winter studies of common cranes
(G. grug in Spain and black-necked cran€s figricollis) in Tibet reported a preference
for cereal grains (Alonso et al. 1994, Bishop efl8B8, Guzman et al. 1999, Aviles et al.
2002).

Despite the fact that cranes use a wide rangealutdts, | never documented
cranes using orchards, vineyards, blueberriesfduaris, or nursery areas. Cranes likely
avoid these habitats because trees and shrubsitaiffieult to see approaching

predators and offer limited food value. These labitvere common in the study area,
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and in the case of vineyards, their relative abnnddas increased considerably during
the past 25 years (e.g., from 1989-2013 San Jo&pumty vineyard acreage increased
105%; Reed 1989, Schwieger and Gonsalves 2018 Hbundance of these
incompatible crops continue to increase withinBedta crane wintering region, the
capacity of the landscape to support wintering esawill likely decrease.

Cranes tended to select corn and rice more oftdrganerally throughout the
winter seasons in their foraging choices, while atlveas selected less often and for
shorter duration, suggesting that wheat is lesasaldé in supporting crane use or that
grain availability in wheat fields is depleted f&stMost crane use of post-harvest and
fall-planted wheat occurred early during the petioely were available and subsequently,
use rapidly declined. Post-harvest wheat at Statand was harvested in August and
was tilled in September which likely reduced auaillty to cranes before their arrival, as
much of the available grain was likely consumeather species before cranes arrived.
Crane use of wheat fields may have persisted loh§etds had not been tilled. Cranes
appeared to be attracted to newly planted wheatfonk short period after planting
while the seeds are still available, and genetalyyinterest in this crop after the growing
sprouts reach about 5 cm (G. Ivey, personal obsenjaStudies of sandhill crane
habitat use in Michigan and in the Sacramento Vailgted a similar pattern of wheat
use (Hoffman 1976, Littlefield 2002).

Both the telemetry data and the foraging survegigated subspecies choices
differed. In the Central Delta landscape, lesskosved high use and preference for
alfalfa fields at Brack Tract, and lessers at Stdséand favored the grassy sides of the
main levees, while both of these habitats weredmaby greaters. Alfalfa was rarely
used by greaters, even though large fields wevelin close proximity to roost sites. |
investigated soils on the main levees where lessaideen digging and found an
abundance of ground beetle larvae (Order: ColeapEamily: Carabidae) which was
likely what the lessers were eating. Lessers aded pastures and wetlands slightly more
than greaters. These habitat types are likely itapbisources of invertebrates, small

vertebrates, and green plant material, which atesources of protein and calcium,
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nutrients essential for daily maintenance requirgsithat are lacking in corn
(Baldassarre et al. 1983, Reinecke and Krapu 1986).

My finding of relatively high use by lessers ofadfia is consistent with other
studies (Krapu et al. 1984, Iverson et al. 198%i®a001, Davis 2003). Although they
did not distinguish subspecies, those studies oedwrithin the range of the
Midcontinent Population of cranes which is domidddy lessers (Johnson and Stewart
1973). Similar to this study, Nebraska studiespoing crane use documented a
preference for alfalfa (Iverson et al. 1987, Spariand Krapu 1994, Davis 2003). Cranes
foraging in alfalfa in Wyoming in late summer weeported to be consuming
grasshoppers and weevils (Rowland et al. 1992)eveltuidies during spring in Nebraska
reported them to primarily consume earthworms (Beke and Krapu 1979, 1986, Krapu
et al. 1984). A subsequent study reported thatrielseates made up more than 75% of
the diet in alfalfa fields and that the remainiragtpn of their diet was primarily alfalfa
which had high protein content (33.5%; Reineke ldrapu 1986). Therefore, alfalfa
fields tend to be a protein source for foragingies The lesser’s choice of alfalfa may
be related to physiological differences betwees simaller-bodied, long distance migrant
and the larger, short-distance migrant greaterclivmay translate into different protein
needs.

Crane use of specific crops was strongly infleehloy post-harvest field
treatments. Treatment of post-harvest stubbleemited use of corn and rice fields as
such treatments likely differed in waste grain &lality (Sherfy et al. 2011). In rice
fields, my documentation of early selection by e@sand subsequent avoidance suggests
that food in dry rice habitat types may be rapuifypleted or that more desirable habitats
became available. While cranes were generallycideto newly tilled areas to take
advantage of exposed foods, such use was shodt-geexpected, because tillage is
known to reduce the availability of waste grainl@asarre et al. 1983, Iverson et al.
1985, Miller et al. 1989, Sherfy et al. 2011), @amargely avoided tilled grain fields in
this study. Similarly, untilled rice stubble wadesed and tilled rice stubble was avoided
by wintering sandhill cranes in the Sacramento&g(Littlefield 2002), and in a study

of red-crowned@. japonensisand white-naped craneS.(vipio) in South Korea, tilled
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rice stubble was also used much less than unstigoble, resulting in authors
recommending delaying autumn tillage until spribgg et al. 2007). An Indiana study
reported that in autumn, cranes avoided tilled stubble and favored stubble that had
not been altered (Lovvorn and Kirkpatrick 1982),levla study of spring use in Nebraska
reported that cranes were least likely to use tields that were idle (unmanipulated dry
stubble) or tilled (Anteau et al. 2011). Howevéled corn was recorded as being
favored early and late during the wintering sedadhe Sacramento Valley (Littlefield
2002).

Mulched corn tended to be used and regularly s&degvhile dry corn stubble
was universally avoided, as it also was in the &aento Valley (Littlefield 2002). A
Nebraska study also documented a strong prefed@raranes in spring for mulched corn
stubble (Anteau et al. 2011). The avoidance of dohaa corn stubble may be because
cranes feel less secure from approaching prediatding taller cover it provides. The
mulched corn litter covers much of the availableteayrain which makes it less visible
to competitive geese and other birds. Geese wast ligkely to use mulched corn in
Nebraska (Anteau et al. 2011). Perhaps mulchingsgilte cranes an advantage, since
they are skilled at digging through litter to fifmbd. Mulching also likely increases
densities of invertebrates at the soil surface wpiovide additional food and nutrients
for cranes (Anteau et al. 2011). Additionally, niufgg of corn stubble provides benefits
to the agricultural producer such as limiting wmteeed growth and retaining soll
moisture (lvey et al. 2003).

Both subspecies often showed high selection gflaral habitats when they were
initially flooded. 1 also observed this patternatfraction in the seasonal wetlands at
Cosumnes River Preserve as they were flooded thrthegfall season. Flooding and
irrigation are common practices for crop manageraadtcan be used to provide forage
benefits to cranes. For example, | observed tlzates were very attracted to pastures
when they were being irrigated and after heavysiaand also to late-season mulched
corn stubble when it was being irrigated to pro\sdé moisture before spring planting.
Even though the irrigated area was large, thistabias selected by both subspecies as

they responded to the irrigation. Cranes were@tcato newly-flooded wetlands, corn,
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rice, and even safflower fields (which receivetlditise otherwise), regardless of the
treatment. As fields flooded, | observed cranedifeggon invertebrates (e.g., earthworms
and arthropods [including crayfisRrocambarus clarkif and small rodents that were
exposed as they moved to escape rising water.fiRids typically support populations

of crayfish which burrow into the soil when fieldee dry and become available when
they are re-flooded. Similar to my findings, a $&cento Valley study found cranes to
favor partially flooded (hence shallow) fields bathen they were initially flooded and
during drawdown (Shaskey 2012).

While flooding of grainfields provides night roastes and foraging opportunities
for cranes, such flooding likely also reduces geaiailability to cranes and attracts ducks
that deplete grain. In this study, habitat selectended to be high when fields were first
flooded; however, on a field by field basis, usaagally dropped rapidly after the first
week of flooding (lvey, personal observation). Tpattern has been reported by other
researchers in the Sacramento Valley rice langsh{&t and Oring 1998, Littlefield
2002, Shaskey 2012). Flooded organic rice at CossrRiver Preserve was an exception
to this pattern as it tended to be favored morerofihrough most of the winter. This was
primarily because of the staggered flooding ofwidiial fields through the winter season
which maintained high use in this habitat type.cAlsrane’s higher attraction to flooded
rice at Cosumnes River Preserve appeared to b ghaet to an abundance of yellow nut
sedge Cyperus esculentlsvhich | observed sprouting shortly after floodifvgllow nut
sedge was more abundant as a crane food souttee andganic rice fields on the
Cosumnes River Preserve, in comparison to theoniddrack Tract, where herbicides
were used (G. Ivey, personal observation). Thistglas been shown to be an important
food of sandhill cranes in other areas (Guthery6l9aylor and Smith 2005).

Established irrigated pastures received use mesrarimarily when they were
being irrigated and after heavy rains, otherwiseytwere generally avoided. In contrast,
newly planted pasture at Staten Island was oftkstisel by both subspecies. | suspect
this was because the cranes were attracted to rspndyting plants, which are high in
protein. Crane use and selection of dirt roadstamgborary levees is difficult to explain.

They may be attracted to roads as a source ofigrith is rare in the peat-dominated
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soils of the Delta. Some grain was spilled aloregdsoduring harvest operations which
may have contributed to their attraction. Craneafdbe temporary field levees might
have been because they were attracted to thelzbstsoil (from levee construction)
which likely temporarily enhanced invertebrate &uality. Also, temporary levees and
roadsides may concentrate invertebrates after exfjdields are flooded.

Although my study documented important pattefing@ane habitat use, | don’t
have a complete understanding of how managemembpfands affects food
availability. Further research that examines reteghips between harvest method, post-
harvest treatment, and grain availability wouldphieform post-harvest treatment
decisions to benefit foraging opportunities for tenng cranes (Elphick and Oring 1998,
Miller et al. 2010). Also, using my habitat usearrhation and studying food availability
would inform an energetics approach to crane ceasen planning (e.g., Pearse et al.
(2010).

MANAGEMENT IMPLICATIONS

My data suggest that if wildlife managers wanfaeor winter field use by
foraging cranes they could provide incentives &ofable practices such as production
of grain crops (particularly corn and rice), redoictor delaying tillage and flooding of
grain fields, provision of irrigations to some criypes (particularly during late winter,
when food may become scarce), and increasing #aige of mulching of corn stubble.
Flooding of crops should be delayed as late asigedbeginning in December) to allow
cranes and other wildlife access to waste grairiarde areas need to be flooded, |
recommend that the flooding of individual fields-dametlands be staggered over winter
rather than all at once to spread out the feedompdunities that flood-up provides. |
also recommend providing periodic irrigations toilitate use by cranes. For pastures,
irrigations during the dry period of early fall wdwbe beneficial, but for croplands, |
recommend that irrigations be provided later inteir{January-early March), when
possible to facilitate use by cranes. While craaresattracted by new crop plantings,
these plantings are often subject to damage bysrand farmers can suffer significant
depredation losses. To avoid such damage, | suggadarmers delay planting until

after cranes migrate (after late March) or conslsivier seeding of new crops to
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accommodate the damage (Ivey et al. 2003). Otlogiscand habitats that are used by
sandhill cranes include alfalfa (primarily for less), irrigated pasture, seasonal wetlands,
native grasslands and oak savannahs, and thedd $feomaintained and could be
included in habitat conservation and mitigatiompiiag where possible. Cranes did not
use orchards, vineyards, blueberries, turf farmsuesery areas, so conversion of crane
suitable crops to these habitat types should belagavithin areas specifically being
managed for cranes.
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Figure 4.1. Major sandhill cran&(us canadens)swintering regions within the Central
Valley of California. From north to south: SacranmeXalley, Sacramento-San Joaquin
River Delta, San Joaquin River National Wildlifefekge region, Merced Grasslands, and
Pixley National Wildlife Refuge region.
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Table 4.1. Summary of greatérus canadensis tabidland lesser sandhill cranés. (c.
canadensipgselection of corn habitats by management cornditaturing winters of 2007-
08 and 2008-09 at three sites in the Sacramenta&squin River Delta, California (S =
selected, a = avoided, u = unused, * = neithectsleor avoided, - = no survey, ~ = not
available).

Survey Period
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11 =2007-08, 2 = 2008-09, BT = Brack Tract, Sl atéh Island’G = Greater subspecies; L = Lesser
subspeciesflooded in year 1, irrigated in year 2.
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Table 4.2. Summary of great€srus canadensis tabijland lesser sandhill cranés.(c.
canadensigselection of rice habitats by management conastiduring winters of 2007-
08 and 2008-09 at three sites in the Sacramenta&aquin River Delta, California (S =
selected, a = avoided, u = unused, * = neithectsdeor avoided, - = no survey, ~ = not
available).
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Table 4.3. Summary of great€drus canadensis tabijland lesser sandhill cranés.(c.
canadensipselectiorof wheat, alfalfa and irrigated pasture habitatsianagement
conditions during winters of 2007-08 and 2008-Othege sites in the Sacramento-San
Joaquin River Delta, Californi&E selected, a = avoided, u = unused, * = neither
selected or avoided, - = no survey, ~ = not avha)ab

Survey period
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$1=2007-08, 2 = 2008-09; BT = Brack Tract, Slt&tasland G = Greater subspecies; L = Lesser
subspecies.



100

Table 4.4. Summary of great€&r{us canadensis tabifland lesser sandhill cranés.(c.
canadensipgselection of safflower and fallow habitats by mgement conditions during
winters of 2007-08 and 2008-09 at three sites@énSacramento-San Joaquin River Delta,
California (S = selected, a = avoided, u = unu$edneither selected or avoided, - = no
survey, ~ = not available).
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Table 4.5. Summary of great€srus canadensis tabijland lesser sandhill cranés.(c.
canadensipselection of field levees, main levees and diadr habitats during winters of
2007-08 and 2008-09 at three sites in the Sacrantam Joaquin River Delta, California
(S = selected, a = avoided, u = unused, * = netbkycted or avoided, - = no survey, ~ =
not available).
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$1=2007-08, 2 = 2008-09; BT = Brack Tract, SI=8talsland G = Greater subspecies; L = Lesser
subspecies.
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ABSTRACT
The Sacramento-San Joaquin River Delta (Deltapregf California is an

important wintering region for 2 subspecies of Raétlyway sandhill cranes3rus
canadensip the Central Valley Population of the greaterddalhcrane G. c. tabida and
the Pacific Flyway Population of the lesser sardindne (5. c. canadensjsDuring the
winters of 2007-08 and 2008-09 we conducted rooshts, roadside surveys, aerial
surveys, and tracked radio-marked birds to locateassess important habitats for
roosting cranes in the Delta. Of the 69 crane nigbsts we identified, 35 were flooded
cropland sites and 34 were wetland sites. We fabhatboth larger individual roost sites
and larger complexes of roost sites supported lgpgak numbers of cranes. Water depth
used by roosting cranes averaged 10 cm (rangecBqa2inode 7 cm) and was similar
between subspecies. We found that cranes avoitkedtsat were regularly hunted or had
high densities of hunting blinds. The fact thatnesreadily use undisturbed flooded
cropland sites makes this a viable option for comadf roost habitat. Because hunting
disturbance can limit crane use of roost siteswggesst these two uses should not be
considered readily compatible. However, if the nggmaent objective of an area includes
waterfowl hunting, limiting hunting to low blind dsities and restricting hunting to early
morning may be viable options for creating a craompatible waterfowl hunt program.
INTRODUCTION

The Sacramento-San Joaquin River Delta (here@ftdta) is an important
wintering region for 2 subspecies of Pacific Flyveandhill cranesGrus canadens)s
the Central Valley Population of the greater salhdrane G. c. tabida hereatfter,
greaters) and the Pacific Flyway Population ofldsser sandhill cran&( c. canadensjs
hereafter, lessers) (Pacific Flyway Council 198&;ific Flyway Council 1997). Greaters,
which are listed as threatened in California (@atifa Department of Fish and Wildlife
[CDFW] 2013), are a priority for conservation aaso while lessers are considered a
California Species of Conservation Concern (Liitlief 2008). However, little is known
about winter use of roost sites and characterisficsost sites used by wintering cranes
that could aid in designing a biologically sounchservation strategy for cranes in the
Delta.
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Other than on the Platte River in Nebraska (e.cap et al. 1984; Norling et al.
1992; Folk and Tacha 1990; Parrish et al. 2001;$2001, 2003), little work has been
done to quantify habitat types used by roostingesaln the Platte River system, cranes
roost in the shallow waters (1-21 cm) and sandilands within the river channel. While
the water depth information likely has broad aitty, other habitat characteristics of
the North Platte River are not found in Califormialditionally, there are no published
studies about the suitability of flooded agricudiiuields as roost sites for cranes or
information that quantifies how roost site sizeretates with crane abundance at the
roost. In this study, we characterize the featofegane roosts at both the individual site
and roost complex scales, correlate roost abundaitieeoost size, and correlate roost
use with recreational waterfowl hunting activityiberease our understanding of crane
roosting ecology and support crane habitat con§ervand management.
STUDY AREA

We centered our study on several properties ilD&l&a that are specifically
managed to provide night roost sites for cranes vamch subsequently support most of
the cranes that winter in the region (Pogson anddtedt 1991, Ivey and Herziger 2003,
U.S. Fish and Wildlife Service 2007), including @Qomes River Preserve, Staten Island
and adjacent Canal Ranch and Bract Tracts (whdhdes the Isenberg Crane Reserve),
and Stone Lakes National Wildlife Refuge (NWR) (F3dl). The Delta region is
primarily rural agricultural landscapes borderedubyan communities. Agricultural land
uses include field and silage corn, fall-planteceathrice, alfalfa, irrigated pasture,
dairies, vineyards, and orchards. The region alsdains large tracts of oak savannah
and floodplain wetlands along the Cosumnes and Makee river floodplains.

We trapped cranes at Cosumnes River Preserve ateh3¢land. The Cosumnes
River Preserve (9,915 ha within our study area) esablished by The Nature
Conservancy (TNC) and is a conglomeration of laswised or under conservation
easements by TNC and its agency partners. It pesvicbitats for cranes including
seasonal wetland roost sites, oak savannahs, orgemj and other crops. Staten Island
(3,725 ha) was a large corporate farm that washased by TNC and was managed as
an income-producing farm but with a focus on prowgchabitat for cranes and other
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wildlife and developing wildlife-friendly farmingrpctices that can serve as a
demonstration to other farmers in the region (lgegl. 2003). Cranes use roosts at
Staten Island and adjacent Canal Ranch and BraaksTas a complex. We define a
complex as an association of flooded fields andamds in close proximity to each other
(none > 1 km from another flooded site). Brack Tramtains Isenberg Crane Reserve,
owned and managed by the California Departmentsbf &d Wildlife, and consisted of
2 seasonal wetland sites (totaling 60 ha) that wereunded by private agricultural
lands, including a large area of flooded rice Baldat also provided roosts. Stone Lakes
NWR has developed 410 ha of seasonal wetlandtbé¢svere used as night roosts and
which were also adjacent to private agriculturatds The refuge also managed
croplands such as irrigated pasture, alfalfa, aeasionally grain crops for cranes and
other wildlife.

METHODS

We defined a roost as a site used by cranes at Méhcataloged locations of
sandhill crane roost sites in the Delta during 2087and 2008-09 by tracking radio-
tagged cranes and through observations from thengtdoNe captured and radio-tagged a
total of 77 sandhill cranes during 17 October 280d 27 February 2008 in the Delta,
and during April and August 2008 at northern bregdind staging areas before they
returned to the Delta (see Ivey et al. 2014 foailsd methods of crane capture, handling,
and tracking). Our handling of cranes was conduatetér the guidelines of the Oregon
State University Animal Care and Use Committeejguto#3605) to ensure methods
were in compliance with the Animal Welfare Act dddited States Government
Principles for the Utilization and Care of Vertelgr&nimals Used in Testing, Research,
and Training policies. Cranes were captured undd&f\@ permit SC-803070-02 and
U.S. Geological Survey federal banding permit MB&2A.

We mapped each roost site, categorized the hasitaither wetland or flooded
cropland, noted whether the site was used for et hunting, calculated the density of
hunting blinds, and estimated the size (ha) of emsomng ArcGIS version 9.2 (ESRI,
Redlands, California). Many of the individual siteere directly adjacent to each other

(separated by dikes or secondary roads) and indiictanes tended to shift their choices
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for roosting among adjacent sites. We mapped adgsites of the same type (i.e.,
agriculture or wetland) as 1 site, rather than destth or wetland separately. Sites either
>200 m apart, separated by paved roads or riveegjjacent to roosts of different habitat
types were mapped separately. We calculated tha ;n8& size for wetland and
agricultural roosts sites and complexes of assetiaiost sites, and compared the means
using a Student’stest.

We conducted biweekly counts of cranes using th&a®r night roost complexes
in our study area (Staten Island [including theaadnt Brack and Canal Ranch Tracts],
Cosumnes River Preserve, and Stone Lakes NWR) betov®©ctober 2007 and 27
February 2008 to document seasonal abundanceredend compare abundance with
roost site size (ha) and type (wetland versus aljui@l). We conducted each count over
a period of 2 or 3 days, but all sites within eambst complex were counted on the same
night. We conducted surveys by stationing obsenwgtsbinoculars at key locations
around a roost complex to count all cranes asfleayinto a roost site at sunset or
during early morning before they left their rodAte used roost counts at our major roost
sites to relate roost size with peak roost sitent®in 2007-08. We used linear regression
to test the hypothesis that size of the roosta@imomplex was an important determinant
of crane population size at a roost site or compgBount data were not normally
distributed, so we used a square-root transformatisnormalize the data. We combined
our roost counts and roost site areas for eachhab#tat complexes (Cosumnes Preserve,
Staten-Brack-Canal Ranch, and Stone Lakes NWRused peak counts at roost
complexes for each roost complex size, which chawger time. We used a Studertt's
test to compare crane densities between the 2 sdestategories (wetland versus
flooded cropland).

We used observations of cranes at night roos Biteharacterize water depths
chosen by cranes. Roosts were visited during @aoiyning periods, before all cranes had
departed the roost. Because roosting cranes aadlmotlependent (e.g., family groups
and flocks roost together) our unit of analysis walsgroups or individual cranes of the
same subspecies within a flock roosting at the séepéh. For example, within a cluster

of cranes, a group of cranes of the same subspsteieding together at the same depth
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were measured as 1 sample, while other groupslondiuals standing at different depth
were measured as a separate samples, which inchegledal or single individuals. Water
depth measurements were estimated visually asrtipogion of a crane’s
tarsometatarsus that was submerged. Values weyelegtto the nearest 10% increment.
We converted the percentage value to water depthuityplying each by the average
tarsometatarsus length for each subspecies (frimsdo and Stewart 1973) adjusting
values by 1.5 or 2 cm to account for height offtia for lessers and greaters,
respectively. We hypothesized that flooded croptanduld support higher densities of
cranes as field topography is relatively level cangg with wetlands, so a larger
percentage of the area would provide optimal defstheoosting. We used a Studenit's
test to compare roost water depths between theeailes and between the 2 roost site
types (wetland habitat versus cropland). All meamsreported + SE.

We qualitatively assessed the impact of waterfawiting disturbance on roost
site use by cranes by observing crane behaviaosts before, during, and after the
waterfowl hunting season relative to the densitiiwiter blinds and frequency at which
hunting occurred at each roost site. Waterfowl! imgnbccurred on portions of all roost
complexes that we surveyed, including the Cougattafids Unit of the Cosumnes
Preserve, the wetlands of the Sun River Unit oh8tioakes NWR, and most of the
flooded sites at Staten Island. Hunting at the @oWMgetlands was administered by the
Bureau of Land Management (BLM), that permitteeday hunting from 6 permanent
blinds, every Saturday during waterfowl seasonairaparably high density (4
ha/blind). Hunting on the Sun River Unit roost sites administered by the U.S. Fish and
Wildlife Service (USFWS) on a reservation system7&@ermanent blinds at a density of
5 ha of water area per blind. Hunting was allowednfa half hour before sunrise until
noon on Wednesdays and Saturdays during the sézesdy October - late January). At
Staten Island, the hunt program was administeretidyproperty manager. Hunting was
limited to 12 permanent blinds placed at low dgn&B8 ha/blind). Waterfowl hunting
was allowed from a half hour before sunrise urlilXM on Wednesdays, Saturdays, and
Sundays.
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RESULTS

We mapped 69 sites used as night roosts in tha [f&ly. 5.2): 35 sites in flooded
croplands and 34 sites in seasonal wetlands. Medamd roosts were managed as
seasonal or semipermanent wetlands and typicalbdéd through fall and winter; fields
were primarily post-harvest grain fields (e.g.gericorn, or wheat) flooded after harvest
through winter. Timing and duration of flooded fislvaried considerably, primarily to
meet the objectives of farmers, with the exceptibfields on the conservation areas
which were generally flooded most of the fall andter period specifically to provide
for crane and waterfowl use. Managed roost sitae Wgically flooded through fall and
winter, while other sites were temporarily avai@fllowing heavy rains, or because of
flooding for cropland management. Of the wetlanostsites, approximately 90% were
constructed wetlands. Roost sizes ranged betwean®?2,068 ha and averaged 117 + 20
ha (median 52 ha). Cropland roost sites were Igfig¥r + 33 ha) than wetland roost sites
(49 £ 10 hat = 4.32;P < 0.0001).

We collected data on peak roost site populatios f&iz 19 roosts within our 5
main roost complexes. Larger roost sites suppdategr peak numbers of cran€® €
0.54;t = 3.09,P < 0.1). Similarly, larger roost complexes suppadisrger peak numbers
of cranes R = 0.58;t = 4.56,P < 0.01). For all sites, the mean density was 1046
cranes/ha and the slope of the relationship betwleasity and roost site size was zero
(R? = 0.01;P > 0.05), indicating that crane density did notrgf@with roost size. The
mean density of cranes using cropland roost sli®s# 0.31 cranes/ha) was higher than
for wetland roost sites (1.0 £ 0.22)F 2.55;P < 0.05).

We estimated water depth on 94 individual or geoofocranes(= 46 lessers and
48 greaters) at 19 different roosts on 16 diffeckyts between 1 February 2008 and 20
November 2008. Mean roost water depth was siméawvéen agricultural and wetland
roost sites® > 0.60) and mean roost depth used was similardmiwreaters (10.3 + 0.6
cm) and lessers (10.6 £ 0.6 ¢ 0.33,P = 0.75).

The impact of hunting intensity varied by roost @ex. We never observed
cranes roosting at tl@ougar Wetland®Jnit, which had a high density of hunting blinds
and was hunted all day, every Saturday during V@téiseason. Cranes used the Sun
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River Unit for roosting in early October during Z08nd 2008, before waterfowl season
opened; however, they left the site after openiglibth years, and were only
infrequently found roosting there following thetial hunting disturbance, each hunting
season. In 2008, before the hunting season staveetkcorded a peak of 286 cranes
roosting in the Sun River Unit, while no cranessted there the night of opening day of
hunting, and we only found cranes roosting theiedytotaling 31 and 38 cranes) out of
9 subsequent bi-weekly counts (7 during huntingseg Also, one of our radio-tagged
greaters was roosting there from its arrival inréggion on 5 October, through the night
before the opening of waterfowl hunting on 18 Oetol-ollowing the opening day hunt,
it moved with other cranes at the site to the ComstRiver Preserve. Cranes continued
to use hunted roost sites throughout the watersaakon at Staten Island. The number
of cranes roosting on Staten Island actually ireedgby 36%), immediately after
opening day of waterfowl season, suggesting tretestisland recruited birds that were
displaced from other hunted roost sites in the.area

DISCUSSION

The typical roost site in our study was a largeagge of open, shallow water that
was mostly isolated from disturbance. A North Dakstudy identified large expanses of
shallow water not close to shore as the most irapbroost site characteristics (Soine
1982), while studies along the Platte River in Meska determined that areas of wider
river channels received higher crane use (Kraalh 9984; Norling et al. 1992; Folk and
Tacha 1990; Parrish et al. 2001; Davis 2001, 208i@ng the Platte River, roost sites
disturbed by nearby roads or bridges supportedroesities of roosting cranes (Krapu
et al. 1984, Parrish et al. 2001). Also, an Indistualy report that the nearer a roost was
to another roost the more likely that it would lsed (Lovvorn and Kirkpatrick 1981).

A high percentage (48%) of the roost sites thatte@imented were flooded
croplands, a habitat type that has rarely beenrteghan other winter studies. Cropland
roost sites were mentioned as being used duringatiog in Indiana (Lovvorn and
Kirkpatrick 1981). Other studies reported cranestimg on managed and natural
wetlands in Indiana, North Dakota, Colorado, Nekaa#laska, Georgia, and California
(Lovvorn and Kirkpatrick 1981, Soine 1982, Kauffdléi82, Iverson et al. 1987, Bennett
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and Bennett 1989, Pogson and Lindstedt 1991), 8dglayas and shallow lakes in
Texas and North Dakota (Lewis 1976, Carlisle anch@al 983, Iverson et. al 1985), and
shallow riverine sites along the Platte River iroNeska (Krapu et al. 1984, Norling et al.
1992, Folk and Tacha 1990, Parrish et al. 2001j922001, 2003). In California, a
previous study in the Delta also documented crasasy flooded fields for roosting

(lvey and Herziger 2003), but a study in the e&880s did not document such use in the
Delta (Pogson and Lindstedt 1991). Flooding ofryfeilds as a general practice has
increased in northern California over the past@des (Fleskes et al. 2005), primarily
for agricultural purposes, but also to provide watel hunting opportunities and in
specific cases on our study area in an effort éwide roost sites for cranes. Our results
suggest that sandhill cranes will readily adaptisimg flooded agricultural fields as roost
sites and that flooding cropland is one optiond@ating sandhill crane roosts.

The mean density of cranes roosting in flooded lerggs was higher than in
wetlands. We believe this was because flooded analsl tend to provide more area of
ideal roost water depths due to their flat topobgyajand also because they were usually
adjacent to unflooded grain field foraging siteswéver, wetland roost sites likely
provide additional values beyond just water deptbranes, such as providing alternate
foods like macroinvertebrates. A Nebraska studpneg that cranes preferred wetlands
during the day (lverson et al. 1987), and a prevgtudy in the Delta also documented
preference for wetlands (lvey and Herziger 2003)ify our study the majority of
cranes roosted at cropland sites because, on &/eomsts in agricultural fields were
larger than wetland roosts and crane density wgtsest in agricultural roosts.

We found positive relationships between roostsite and crane abundance at a
roost at both the individual roost site and roashplex scales. An Indiana study
(Lovvorn and Kirkpatrick 1981) found that roostesitwere more likely to be used if they
were near other roost sites, but no other studykasiined the relationship between
roost size and either peak count or crane denasitgndscapes managed for wintering
and staging cranes, it is important to understawd fmuch roost water should be
available, as there is a trade-off between incnggtbie size of a roost site versus

maximizing suitable foraging habitat. Areas inurdiato provide roost habitat are not
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generally good foraging habitat for cranes. Rost anly explained about half the
variation in our data; other likely factors influ@ng bird use of roosts include food
availability in the foraging landscape around raasnplexes, migration timing,
disturbance (e.g., hunting), and changing conditiminother roost sites (e.g., dewatering,
disturbance increase). These additional factor&ldoel explored in greater depth if a
more complete understanding of crane roosts isatesi

The water depths used by cranes at each roost istwdy was similar to what
cranes have used in other regions that are thaagirbvide high quality habitat. Cranes
in our study used depths ranging from 3 to 21 cith) @mode of 7 cm. Similarly, along
the Platte River in Nebraska, cranes were repdoi@defer depths of 1-13 cm for
roosting, with the highest proportions of depthsduseing between 1 and 7 cm (Norling
et al. 1992), and 21 cm by Folk and Tacha (1990). Other studiesabnsska, Indiana,
and Oregon have reported that cranes roosted &r \eets than 20 cm deep (Frith 1976,
Lovvorn and Kirkpatrick 1981, Latka and Yahnke 19B#&lefield 1986, Armbruster and
Farmer 1992, Norling et al. 1992). In one exceptmthis pattern, a study along the
North Platte River in Nebraska documented 14% efctlanes using depths from 21 to
35.6 cm (Folk and Tacha 1990).

Although our data are qualitative, when cranes lzagoice, it appears they
prefer to avoid sites used for waterfowl huntingheght roosts. Some temporarily used
roost sites were only used before or after watdrgmason. Our results are similar to
findings in Indiana (Lovvorn and Kirkpatrick 1981hile a study in Saskatchewan
documented that cranes would not tolerate repénateting disturbance at roosts
(Stephen 1967). Even with very limited waterfowhlking at the Sun River Unit, cranes
immediately left the site for a few weeks and weméy found roosting there on 2 of 7
surveys later during the waterfowl season. Cranédichigan and Wisconsin also
abandoned roosts on or immediately after the opedéy of waterfowl hunting season
(Walkinshaw and Hoffman 1974, Bennett 1978). Masithd sites in the Delta are
hunted all day, usually 3 days a week (Wednesdayr@ay, and Sunday), which limits
opportunities for cranes to roost or loaf during thay at these sites. Based on our

observations of the hunting program at Staten dslaranes seem particularly sensitive to
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hunting disturbance in the late afternoon when #eyflying to roost sites and also
during mid-day when they often use roost siteddafing.

Staten Island was an exception to the generakhakecranes avoided hunted sites
as roosts. This is likely in part because moshefgermitted hunters were only able to
hunt on Sundays, resulting in low hunting frequer&iynilar to other hunted roost sites,
cranes are flushed from Staten Island roosts wheatig begins, but because hunting is
only allowed until 10:00 AM, cranes have a chamceeturn to the sites undisturbed to
loaf in late mornings (they usually return about0ODIAM) and to roost in the evenings.
Cranes at Staten Island may also tolerate thermdisturbance better, because of lower
hunter density and larger roost sites. The patiEmcreased roosting numbers at Staten
Island following opening day was also noted in @vpus study (lvey and Herziger
2003).

MANAGEMENT IMPLICATIONS

Considerations for design and management of wetland flooded cropland
roosts include providing large roost site complefd€¥)-1000 ha, depending on the
number of cranes to support) because larger skgly bive crane more security from
predators. Individual sites within a managed r@ashplex should be >5 ha, of mostly
level topography, and dominated by shallow watet@®m depths). The depth of water
used by cranes may be a reasonable indicator of site availability. We suggest that if
cranes are commonly seen roosting where water sl@pghgreater than 20 cm, it is an
indication that ideal roost sites are limited. et wetlands will provide more values to
cranes than flooded croplands, but flooded croandy be a better option for building
crane habitat into a working agricultural farm. étdang of croplands to provide
temporary roost sites might also be of value tcaexiccrane roosting habitat options in
other crane wintering or staging regions.

Disturbance caused by waterfowl hunting appealisiib crane use of roost sites;
thus, we suggest these 2 uses should not be coesideadily compatible. However, if
the management objective of an area includes veatéHunting, then the Staten Island
program of very low hunter densities and limiteakly morning hunting, can serve as a

model for a crane-compatible waterfowl hunt program
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Chapter 6

GENERAL CONCLUSIONS

Gary L. lvey

The Central Valley of California includes importawintering regions for two
subspecies of sandhill cran€ar(s canadensjg=ig. 6.1). Both subspecies are priorities
for conservation in the state, where greater sdinhnes G. c. tabida are listed as
threatened (California Department of Fish and W#d2013), and lesser sandhill cranes
(G. c. canadensjsare listed as a Species of Conservation Condgttie{ield 2008).
Because greaters are threatened, they are thedbousst crane habitat conservation
activities in California. The majority of sandhilitane night roost sites within these
wintering regions are on protected areas such #erié Wildlife Refuges (NWRS),

State Wildlife Areas, or conservation reserves,damsiderable foraging occurs on
adjacent private lands (Littlefield 2002, Ivey dnddrziger 2003, Chapter 5). Private lands
are vulnerable to changes in land use, and hdbgaton private lands within these
wintering regions has concentrated crane at remgusites (Pogson and Lindstedt 1991).
Continuing changes in land uses, especially comvete incompatible crops such as
orchards or vineyards, and loss to urbanizatiom{@gValley Joint Venture 2006) will
likely reduce future sandhill crane carrying capaof these regions and could limit
populations. Therefore, conservation planning igartant for preserving and managing
habitat for wintering sandhill cranes.

In this chapter, | identify priority Central Vajleegions to focus sandhill crane
winter habitat conservation and management aesitind discuss the need to focus on
the most important lands at a local (i.e., roasf)Scale. | present a model based on
refuging theory (Frederick et al. 1987; Belanged Bedard 1990) to represent the
diurnal movement of wintering sandhill cranes fridmair nocturnal roost sites to
neighboring foraging sites during the day, and kdadke roost in the evening. Because
sandhill cranes use their winter roosts as ceptaale foragers, | would define a “crane
ecosystem unit” for conservation and managemeataofes to include a central roost

surrounded by a foraging landscape out to a cersgius. This combination of a suitable
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roost site surrounded by adequate foraging habitae basis for crane habitat
conservation. A primary assumption in this concabtoodel is that providing sandhill
cranes with improved foraging habitat condition§ iead to their increased storage of
endogenous fat reserves on the wintering groundshwiill lead to increased fitness for
survival and reproduction, and ultimately contrita population recovery (Krapu et al.
1985). | address how data on sandhill crane cormgulistances, foraging choices, and
population estimates for roost sites can be us@tfaom this simple model, and also
derive a more complex, but more informative modelditionally, | provide a decision
matrix which considers roost site characteristicane foraging choices and conservation
choices for winter sandhill crane habitat conséoveand management. Both of these
tools should have application for sandhill cranateting and staging areas in
agricultural regions across North America.

Greaters and lessers are sympatric at all majatewng areas in California, but
the proportions of greaters found in crane flocksrdases from north to south in the
Central Valley (lvey et al. 2014). | recommend ddagation of the following for
prioritizing of sandhill crane conservation amonigter regions: the proportions of the
population of greaters present, the proportionthetotal populations of all sandhill
cranes present, and the relative risk of habitg.|®n the first consideration, the highest
numbers of greaters occur in the Sacramento V&&gion, followed by the
Sacramento-San Joaquin River Delta Region (here&fedta); the Delta supported
highest total numbers of all sandhill cranes, fold by the Merced Grasslands, Pixley
National Wildlife Refuge (NWR), Sacramento Valleyd the San Joaquin River NWR
regions (lvey et al. 2014). The threat of habitatlis highest in the Delta, primarily
because of the added pressures of urban expandiwos region (Central Valley Joint
Venture 2006). Ideally, future sandhill crane hatbionservation will occur in all regions
in the Central Valley; however, if prioritizatios hecessary, | recommend the Delta be
considered the highest priority region for consgovafocus.

In Chapter 3, | found greaters to have smaller@vihbme ranges than lessers and
very high fidelity to their wintering regions; tledore, habitat conservation activities

would more likely be successful if they occur imximity to traditional roost sites.
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Lessers were also very loyal to their winteringoeg, but were more likely to move
between regions. Within their wintering region)diaill cranes use very specific
landscapes around traditional roost sites whenghhge adapted to forage in agricultural
fields (Chapter 4). | reported that a habitat coveston radius of 5 km from roost sites
encompassed 90% of the commuting flights made bgtgrs and 64% of flights by
lessers. Therefore, focusing conservation acts/iie the 5 km radius as a crane
ecosystem unit would benefit all three subspetieave described a relatively simple
model of a series of sandhill crane roost sitesh sarrounded by habitat options for
crane foraging to a radius of 5 km (Fig. 6.2)sltmportant to maintain compatible roost
site characteristics and a crane-compatible forplgindscape in these ecosystem units to
support local sandhill crane wintering flocks andimtain each area’s crane carrying
capacity. Roost site design and management (Chapstould consider providing and
maintaining large roost complexes (> 100 ha, dejpgnaoh the number of cranes that a
site is intended to support), ideally in close pnuiy (< 5 km) to other roost sites, with
large individual sites (> 5 ha) of mostly level tgpaphy, dominated by shallow water
(5-10 cm depths).

Not all habitat parcels within 5 km of a roost site used equally by greater
sandhill cranes. Their value depends on the nundfemsnes using the focal roost site,
the habitat choices they make, and the probalbiiay they will fly to a particular parcel.
Additionally, some of these ecosystem units overdeqal in these overlap zones,
probabilities of crane use are higher, becauseditige effects. To provide a tool to
allow managers to further refine their plans, Ida@eveloped a more spatially explicit
model that allows for a more biologically compléxit focused crane conservation,
mitigation and habitat management strategy. Thenirf this model is to allow
comparison of relative values of parcels to helprfgize crane conservation and
management activities. Avian foragers tend to explatches to a greater extent that are
closer to their central place (e.g., a winter rpeah Gils et al. 2008), as in my study,
where sites closer to roosts had a higher prolybificrane use as they supported higher
percentages of the total commuting flights (Fi@A9. Also, commuting distances of

individuals were quite variable and the proportiohsharked individuals that flew out to
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1 km intervals declined with distance (Fig. 6.3Bjalculated the probability that greaters
would fly to a concentric 1 km intervals as a proidaf the proportion of individual
greaters that had commuting distances that reatla¢éhterval, and the percentages of
all that subspecies’ commuting flights to that & (Fig. 6.3C). Those estimated values
were then multiplied by the number of cranes u#iirggroost site to give an estimate of
abundance, relative to other polygons. Where tineeatric polygons overlap, those
numbers were added together

An important consideration in selection of conséorasites is the abundance of
greater sandhill cranes using a particular roostgtex. My survey data allows a general
estimate of their numbers at roost site complemesy study area from peak counts
during roadside surveys. It makes sense to useealy @ounts, because this subspecies is
highly sedentary (Chapter 3). For example, thedsghbounts of greater sandhill cranes
were 1,523 on Staten Island, followed by 549 orcBriEract, 360 on Stone Lakes NWR,
and 156 at Cosumnes River Preserve. Using sudiveebundance information and the
usage probabilities in Fig. 6.3C, | have providaccaample of how such information
could be used to develop a GIS tool that ranksathéscape by the relative site
importance to greater sandhill cranes (Fig. 6.4&hSa tool could guide planning of
conservation and management actions towards mqreriant parcels and to avoid
negative impacts to more important sites from dgwelents that result in habitat loss or
which may increase mortality risk to cranes (new power lines).

Once priority sites have been selected, | provide@asion matrix to assist with
plans to enhance existing crane landscapes, areaterane habitat areas or mitigate
habitat losses (Table 6.1). This matrix providéseework for decision-making about
increasing sandhill crane foraging and roost siiigitats. Foraging habitat suitability is
affected by habitat type, distance from roost stfes size of the parcel, and disturbance
factors.

An easement program could pay farmers within craapagement zones to
maintain compatible crops for sandhill cranes ralieir post-harvest management to be
more favorable to crane use, and to tolerate ashycteon in yield that might result from

crane visitation. They should also be required itwinmze crane disturbance on such
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designated land (e.g., Owen 1990, Vickery et @4)9However, tracking disturbance
might be difficult, so further incentives might peovided as a reward for documented
high use by cranes of their lands. Restorationmdyards and orchards to compatible
foraging habitat may be necessary to achieve haibjactive in some management
zones. Parcels with no or minimal disturbance issi@uld be considered priority for
including in an easement program. Larger parce&datter than smaller ones
(Armbruster and Farmer 1981), as they will buffestutbance from neighboring
operations. Parcels adjacent to existing consenvgiarcels have some added value for
connecting to a larger conservation landscape. I8thotanes generally avoid occupied
dwellings and foraging areas within 100 m of theises should not be considered
suitable (Armbruster and Farmer 1981).

My matrix also outlines an alternative strategyt #vatails providing new roost
sites towards the edge of existing management zdies strategy would give cranes
access to additional foraging lands. | observetidtemes readily use newly flooded areas
for foraging, and if managed properly, they woulkely use these sites for night
roosting. | would expect cranes using such a nestrsite to forage out to an additional
5 km zone where suitable habitat is available. Shigtegy could also be used to move
cranes away from areas at higher risk of habitsd (e.g., where the existing habitat is
below sea level and at risk to sea level rise)te3yatically providing new roost sites,
allowing cranes to accommodate them for a yeaopaisd then adding another site
within the 5 km zone is a viable strategy to sthiéim in directions where their habitat is
more sustainable.

My study has demonstrated that greater sandhitlesraise a relatively small
landscape surrounding their traditional roost sied that they favor certain crops and
post-harvest crop management practices for foragiogvever, we need a better
understanding of the actual carrying capacity fanes in these crane management zones
to ensure that managers can maintain these sitesafioes in the future. | recommend
that further research in this region pursue studi¢deod availability in various crop

types and post-harvest management practices aatd teht information to develop a
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crane energetics model which includes estimatesiwfing capacity of the various

habitat conditions (see Alonso et al. 1994 and$eearal. 2011).
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Sacramento Valley Region

/Delta Region
/San Joaquin River NWR Region

<— Merced Grasslands Region

ePixIey NWR Region

Figure 6.1. General locations of major sandhilhergGrus canadens)swintering
regions in the Central Valley of California (basetdgeospatial data on distribution of
crane flocks mapped in 2013; Ivey et al. 2014).
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* Roostsites
O Crane Ecosystem Units

Figure 6.2. Simple conceptual model of sandhilher@rus canadens)scosystem
units, consisting of central roost sites surrounoled 5 km radius of foraging habitat, as
focal areas for conservation and management ofewing habitat.
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that foraged in each 1 km interval; B. Percentatigal foraging flights by greater
sandhill cranes that reached each 1 km intervdl GarProbability of greater sandhill
cranes using each interval, calculated as a praduetand B.
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Figure 6.4. An example of a GIS model to show redatmportance of landscape areas to
greater sandhill crane&(us canadensis tabiglabased on numbers using roost sites and
the probabilities that they would use 1 km intesv@erived from data on commuting
distances) to display the relative importance oétmns.
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Table 6.1. Decision matrix for conservation and agament of sandhill cran&(us

canadensiswintering habitats.

Crane Habitat Management Decision Matrix

Strategyl: Protect and enhance foraging habitat
within priority crane landscapes, 3 to 5 km from
existing roost sites.

Strategy z: Provide new roost sites at edge of
priority crane landscapes (3 km) to increase food
availability by increasing their access to additona
lands.

Options:
Private land sites
Conservation easements on private lands

to:

Options:
Public or private land sites
seasonal wetland (a “permanent” feature)

o limit development and incompatible or flooded cropland
cropping o could be temporary (1 season)
0 prioritize grain crops in the landscape o or winter flooded annualy
0 guide postharvest management favored
by cranes » Could be combined with an easement
o pay for providing food plots program as in Strategy 1
(unharvested grains)
0 restore incompatible habitat (e.g, restore  « Some lands within the new foraging zone
vineyards and orchards to grain fields could also be added to refuges or
wildlife areas to make this strategy more
Public and private conservation sites sustainable.
»  Employ post harvest grainfield practices
favored by cranes * Roost site design should consider
o avoid or delay tillage providing large complexes (100 — 1000
0 mulch corn stubble ha, depending on the objective number
o late season irrigations (shallow of cranes to support), ideally in close
flooding) proximity (< 5 km) to other roost sites,
* Provide food plots (unharvested grain crops) with large individual sites (> 5 ha) of
0 manipulate availability mostly level topography, dominated by
shallow water (5-10 cm depths).
Advantages Advantages

Uses existing crane use landscape

o much of these areas are already
conserved and managed (e.g., on
refuges)

o Cranes already have a tradition of using

these landscapes
Should reduce depredation problems on
private lands
Provides long-term protection of lands
Likely a more sustainable strategy

less expensive

relies more on existing private lands with
less need for easements and reduce costs

this strategy could be used to shift cranes
away from areas that are at > risk of loss
by providing more distant roost sites

over time.

Disadvantages

More expensive

Cranes may be at risk in some current
priority landscapes (e.g., from sea level ris

Disadvantages

Could increase depredation problems on
private lands

New use areas may be at risk to loss from
development unless they were officially
included in an easement program or
added to an existing conservation area
May be less sustainable

e)
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APPENDIX A

GREATER AND LESSER SANDHILL CRANE HABITAT SELECTIONRATIOS IN
THE SACRAMENTO-SAN JOAQUIN RIVER DELTA REGION OF GAFORNIA
DURING WINTERS OF 2007-08 AND 2008-09.

Table Al. GreaterGrus canadensis tabigland lesser sandhill cran®.(c. canadensjs
habitat selection ratios for dry post-harvest dwahitat conditions on Brack Tract (BT)
and Staten Island (SI) in the Sacramento-San Jodjuer Delta Region of California
during winters of 2007-08 and 2008-09. SR represtmd Wald 95% confidence
intervals for selection ratios. Intervals abovedicate selection, intervals below 1
indicate avoidance, and intervals including 1 iaticno preference. Habitats that were
not used are coded NU. Date intervals represerduthey periods (every two weeks)
when a particular habitat condition was available.

Date Site Greater SR Lesser SR Date Site Greater SR Lesser SR
11-07-07 BT NU 1.0, 1.3%* 10-09-08 Sl 0.01, 0.2%** 0.3, 0.3*
11-19-07 BT NU NU 10-23-08 Sl NU NU
12-07-07 BT NU NU 11-05-08 Sl NU NU
% 10-08-08 BT NU NU 11-19-08 Sl NU NU
= 10-21-08 BT 0.4, 0.9*** NU 12-02-08 Sl NU NU
% 11-06-08 BT NU 0.5, 0.7%* 12-16-08 S NU NU
11-18-08 BT NU NU 12-28-08 Sl NU NU
12-03-08 BT NU NU 01-12-09 Sl NU NU
12-17-08 BT NU NU 01-26-09 Sl NU NU
10-09-07 SI NU NU 02-10-09 Sl NU NU
11-07-07 BT 0.4, 0.8*** 0.2, 0.3%** 10-08-08 BT 3.7, 3.7*** 0.4, 0.5%*
11-19-07 BT 0.04, 0.2** 0.09, 0.1*** 10-21-08 BT 1.3, 1.8*** 2.0, 2.2%**
11-06-07 Sl 0.3, 0.5%** 0.2, 0.3%** 11-06-08 BT 0.5, 2.8*** 0.3, 0.4%**
11-20-07 SI 0.01, 0.1** 0.3, 0.6*** 11-18-08 BT NU 0.3, 0.4%*=
3 12-04-07 SI NU 0.2, 0.3%** 12-03-08 BT 2.0, 2.4*** 0.04, 0.2%**
= 12-18-07 SI 0.04-1.4*** 0.1, 0.3*** 12-17-08 BT 0.6, 1.5*** 2.3, 3.1%**
+ 12-31-07 Sl NU NU 01-02-09 BT NU NU
01-16-08 SI NU NU 01-14-09 BT NU NU
01-30-08 SiI NU NU 10-09-08 Sl NU NU
02-12-08 SI 0.4, 1.8*** NU 10-23-08 Sl 4.3, 7.5%** 0.03, 0.6***
11-05-08 Sl 1.5, 2.2%** 0.2, 0.7%*
11-19-07 BT NU NU 02-12-08 Sl 2.0, 2.0%** 2.2, 2.2%%*
12-07-07 BT 7.8, 8.6™** 0.2, 0.4%** 10-09-08 Sl NU 0.03, 0.1***
12-19-07 BT 4.6, 5.0*** 3.5, 3.9%** 10-23-08 Sl 1.2, 1.4%* 0.9, 0.95***
01-03-08 BT 1.0, 2.2*** 0.2, 0.4%* 11-05-08 Sl 0.5, 0.9%* 0.2, 0.6%*
3 10-09-07 SI 1.1, 1.2%* 0.6, 0.8*** 11-19-08 Sl 0.8, 0.9%** 1.2, 1.2%*
5 11-06-07 SI 0.02, 0.1** 0.02, 0.07*** | 12-02-08 SI 0.8,0.8 0.97, 1.0%**
S 11-20-07 SlI 0.1, 0.2%** 0.1, 0.4~ 12-16-08 SlI 1.5, 1.6%** 1.9, 1.9%*
€ 12-04-07 SI 0.3, 0.9%** 0.7, 0.8*** 12-28-08 Sl 1.7, 1.8%* 1.9, 1.9%*
12-18-07 SI 1.1, 1.2%** 1.9, 1.9%* 01-12-09 Sl 1.5, 1.5%** 1.8, 1.8%**
12-31-07 SI 1.6, 1.7%* 1.5, 2.2%* 01-26-09 Sl 1.5, 1.5%* 1.7, 1.8%*
01-16-08 SlI 0.7, 0.9%** 1.6, 1.6%** 02-10-09 Sl 0.5, 0.8*** 0.9, 0.98***
01-30-08 SI 1.8, 1.8*** 1.9, 2.0%**

*= P <0.05* =P <0.01, ** =P <0.001
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Table A2.Greater Grus canadensis tabigland lesser sandhill cran®.(c. canadensjs
habitat selection ratios for flooded post-harveshdabitat conditions on Brack Tract
(BT) and Staten Island (SI) in the Sacramento-®aquin River Delta Region of

California during winters of 2007-08 and 2008-0R. i&@presents the Wald 95%

confidence intervals for selection ratios. Intesvabove 1 indicate selection, intervals
below 1 indicate avoidance, and intervals includirigdicate no preference. Habitats
that were not used are coded NU. Date intervalesemt the survey periods (every two
weeks) when a particular habitat condition waslatbe.

Date Site Greater SR Lesser SR Date Site Greater SRLesser SR
11-07-07 BT NU NU 01-16-08 SI NU NU
11-19-07 BT NU NU 01-30-08 S 0.3, 0.5***  0.0003, 0.1***
12-07-07 BT NU NU 02-12-08 Sl NU NU
12-19-07 BT NU NU 10-09-08 SI 4.2,4.3** 0.5, 0.6%**
01-03-08 BT NU NU 10-23-08 SI 1.0, 1.2***  0.01, 0.03***

3 01-14-08 BT NU 83.4,108.3*** | 11-05-08 SI 1.2,1.4***  0.02, 0.2***

g 01-31-08 BT NU NU 11-19-08 SI 0.1, 0.4***  0.02, 0.1***

§ 02-13-08 BT NU NU 12-02-08 SI 0.8, 0.9*** NU
10-09-07 SI 2.3, 2.4%** 2.5, 2.5%** 12-16-08 SI NU NU
11-06-07 SI 3.7, 3.8%** 2.0, 2.0%** 12-28-08 SI 0.01, .04** NU
11-20-07 Sl 0.9, 1.0%** 0.2, 0.4%* 01-12-09 SI 0.1, 0.2***  0.003, 0.03***
12-04-07 Sl 1.6, 1.9%** 0.04, 0.1*** 01-26-09 SI 0.1, 0.3***  0.003, 0.04***
12-18-07 SI NU NU 02-10-09 SI 0.1, 0.3***  0.04, 0.2***
12-31-07 SI 0.4, 0.6** 0.1, 0.1%**
12-19-07 BT 0.2, 13*** 0.3. 0.6*** 12-03-08 BT 1.6, 2.4*** 1.2, 2.1%**

@ 01-03-08 BT 6.3, 6.8*** 1.2, 1.6%** 12-17-08 BT 4.1, 5.0** 1.4, 2.3%*

8 01-14-08 BT 3.3, 3.4%= 0.7, 1.1%** 01-02-09 BT 1.5,2.4*** 0.3, 0.6***

= 01-31-08 BT 4.3, 4.3 0.4, 0.8*** 01-14-09 BT 0.9, 1.4** 1.7, 2.3%*

E 02-13-08 BT 4.4, 4.4%=* 4.4, 4 4%+ 01-28-09 BT 2.8, 3.1** NU

S 11-18-08 BT 6.1, 7.2%* 8.7, 8.8*** 02-11-09 BT 4.2,4.2*** 0.99, 2.8***

3

S

g 12-04-07 Sl 1.8, 9.5%** 7.3, 10.0*** 01-16-08 SI NU NU

g 121807 SI NU NU 01-30-08 SI NU NU

5 12-31-07 Sl NU NU

>

IS

B

g

= 12-02-08 Sl 73.0, 113.9*** 54.8, 68.5*** | 01-12-09 SI NU 1.4, 3.5%**

= 12-16-08 SI 11.5,21.3** NU 01-26-09 SlI 6.3, 14.9** 8.2, 15.1***

g 12-28-08 SI NU NU 02-10-09 SI 6.2, 6.7%** 4.2, 4.6***

=]

IS

¥ =P <0.001
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Table A3. GreaterGrus canadensis tabigland lesser sandhill cran®.(c. canadensjs
habitat selection ratios for dry post-harvest eoé wild rice habitat conditions on Brack
Tract (BT) and Cosumnes River Preserve (CP) irBd@ramento-San Joaquin River
Delta Region of California during winters of 2008-@nd 2008-09. Crops on CP were
organic, while crops on BT were conventionally gno8R represents the Wald 95%
confidence intervals for selection ratios. Intesvabove 1 indicate selection, intervals
below 1 indicate avoidance, and intervals includirigdicate no preference. Habitats
that were not used are coded NU. Date intervalesemt the survey periods (every two
weeks) when a particular habitat condition waslatbe.

Date Site Greater SR Lesser SR Date Site Greater SR Lesser SR
10-08-08 BT NU 0.1,0.2* | 01-01-08 CP NU NU

£ 10-21-08 BT 35,44 29,51 |10-10-08 CP 2.9,31% 15 20"

S 10-09-07 CP 18,18 10, 13" |10-20-08 CP 3.1,3.1" 3.4, 3.4

® 11-05-07 CP 08,10 0.02,0.1%* | 11-07-08 CP 0.1, 0.9** NU
11-19-07 CP 2.1,2.9%*  0.02,0.1** | 11-18-08 CP NU NU
12-03-07 CP_ NU NU 12-05-08 CP  NU NU

Q

-“:’% 10-10-08 CP 1.6,3.0"* 0.2, 1.5%* | 11-07-08 CP NU NU

?_gg 10-20-08 CP NU NU 11-18-08 CP NU NU
ﬁ:%:g; g EB EB 11-06-08 BT 3.7, 4.1%* 0.1, 0.1%*
100907 CP  NU 17 2owes | 11-18:08 BT  0.1,0.99*  0.003, 0.1***
11-05-07 CP NU NU 12:03-08 BT~ NU NU

B 111907 CP NU NU 12-17-08 BT = NU NU

= 120307 CP NU NU 01-02-09 BT~ NU NU
01-01-08 CP NU NU 01-14-09 BT~ NU NU
10-08-08 BT NU NU 01-28:09 BT~ NU NU
10-21-08 BT NU NU 02-11-09 BT NU NU
11-07-07 BT 0.7, 1.1%*  2.9,2.9%* |10-08-08 BT 0.4,1.3"* 4.3 53

g 11-19-07 BT 37,57% 21,25 |10-20-08 CP 04,09**  NU

£ 110507 CP 10,51* 04,09 |11.07-08 CP 08, 24" NU

S 11-19-07 CP 0.8,1.5%* 02,04 |11-18-08 CP 0.1,0.5%* 0.1, 0.6**

€ 12-03-07 CP NU 0.2,0.3** |12-05-08 CP 05,09 NU
01-01-08 CP 0.03, 1.4*** 0.5, 3.0%*

=P <0.01; ** =P <0.001
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Table A4. GreaterGrus canadensis tabigland lesser sandhill cran®.(c. canadensjs
habitat selection ratios for flooded post-harves and wild rice habitat conditions on
Brack Tract (BT) and Cosumnes River Preserve (G@f)a Sacramento-San Joaquin
River Delta Region of California during winters2007-08 and 2008-09. SR represents
the Wald 95% confidence intervals for selectiommatintervals above 1 indicate

selection, intervals below 1 indicate avoidancel iatervals including 1 indicate no

preference. Habitats that were not used are codleddte intervals represent the survey
periods (every two weeks) when a particular halsibaidition was available.

Date Site Greater SR Lesser SR Date Site Greater SR Lesser SR
B 11-05-07 CP 18.6,66.7** 98.0,98.4** | 01-18-08 CP 2.1, 2.4%* 2.6, 3.0%**
§ 11-19-07 CP 2.7, 3.7** 7.2, 7.3*** 12-05-08 CP 9.0,51.8** 13.7, 23.3***
= 12-03-07 CP 4.2, 4.2%* 3.2, 3.3%** 01-13-09 CP 1.1, 3.7* 0.3, 0.99***
01-01-08 CP 0.04,0.7*** 2.6, 3.0*** 01-29-09 CP NU NU
83
§ '§ 01-13-09 CP 7.1,8.5** NU 01-29-09 CP 8.5,10.2***15.1, 15.1***
52
11-19-07 BT 5.2, 5.4%*** 4.4, 4 5*** 11-19-07 CP NU NU
12-07-07 BT NU 0.02, 0.1*** 11-18-08 BT 2.9, 4.4%* 0.2, 0.3***
@ 12-19-07 BT 0.1, 0.8*** 0.03, 0.1*** 12-03-08 BT 0.5, 0.9*** NU
§ 01-03-08 BT 0.95,1.3** 0.2, 0.3*** 12-17-08 BT NU 0.6, 1.1**
:é 01-14-08 BT 0.1, 0.4*** 0.7, 1.2%** 01-02-09 BT NU 0.03, 0.1***
= 01-31-08 BT 0.03, 0.3*** NU 01-14-09 BT NU NU
= 02-13-08 BT NU NU 01-28-09 BT 1.2, 2.4%** NU
10-09-07 CP NU NU 02-11-09 BT NU NU
3 B 12-03-07 CP 0.9, 1.8*** 2.5, 2.9*** 11-18-08 CP 12.5,13.1** 10.4, 11.6***
53 01-01-08 CP 3.9,4.1%* 1.7, 2.7%** 12-05-08 CP 1.1, 3.5%** 6.1, 6.2%**
=] § 01-18-08 CP 0.8, 1.3*** 0.3, 1.2%** 01-13-09 CP 0.3, 0.7*** 13.7, 14.0%**
€% 11.07-08 cP 27.1,32.7*** 43.5,43.5*** | 01-29-09 CP 0.04,0.9** NU

¥+ =P <0.001
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Table A5. GreaterGrus canadensis tabidland lesser sandhill cran@.(c. canadens)s
habitat selection ratios for wheat habitat condgion Brack Tract (BT) and Staten
Island (SI) in the Sacramento-San Joaquin RivetalkRégion of California during
winters of 2007-08 and 2008-09. SR represents takel @5% confidence intervals for
selection ratios. Intervals above 1 indicate salacintervals below 1 indicate avoidance,
and intervals including 1 indicate no preferencabithts that were not used are coded
NU. Date intervals represent the survey periodsrfetwo weeks) when a particular
habitat condition was available.

Date Site Greater SR Lesser SR Date Site Greater SR Lesser SR
10-09-07 SI 0.01, 0.2** NU 10-23-08 Sl 1.3, 2.3%** 1.5, 22.5%**
11-06-07 Sl 0.1, 0.4%* 0.08, 0.4*** 11-05-08 Sl 1.4, 1.8** 0.7, 1.0%**
11-20-07 SI NU NU 11-19-08 Sl 0.5, 0.9*** 0.3, 0.7***

3 12-04-07 SI NU NU 12-02-08 Sl NU NU

= 12-18-07 SI NU NU 12-16-08 Sl 0.4, 0.8*** 0.1, 0.2%**

= 12-31-07 SI NU NU 12-28-08 Sl 0.2, 0.3*** 0.04, 0.1***
01-16-08 Si NU NU 01-12-09 siI 0.8, 1.0*** 0.2, 0.4***
01-30-08 SiI NU NU 01-26-09 SI NU 0.3, 0.6™**
02-12-08 Si NU NU 02-10-09 siI NU NU
10-09-08 Sl 0.3, 0.7*** 1.5, 2.7%**
10-09-07 Sl NU 2.3, 3.5%** 10-09-08 Sl NU NU
11-06-07 SI NU NU 10-23-08 Sl 6.8, 18.4** (0.5, 1.9***

@ 11-20-07 SI NU NU 11-05-08 SI NU NU

S 12-04-07 SI NU NU 11-19-08 SI NU NU

= 12-18-07 SI NU NU 12-02-08 SI NU NU

E 12-31-07 Sl NU NU 12-16-08 SI NU NU

= 01-16-08 SI NU NU 12-28-08 SI NU NU
01-30-08 Si NU NU 01-12-09 Sl NU NU
02-12-08 Si NU NU 01-26-09 SI NU NU
11-07-07 BT 0.7,1.1*** 0.6, 0.8*** 11-06-08 BT NU 4.3, 4.5%**
11-19-07 BT 0.1,0.2***  0.99, 1.1*** 11-18-08 BT NU 0.1, 0.2%**
12-07-07 BT NU 1.0, 1.3*** 12-03-08 BT 0.1, 0.7** 2.5, 2.6%**
12-19-07 BT 0.1, 0.4*** 0.6, 0.9*** 12-17-08 BT NU 1.1, 1.4%*
01-03-08 BT NU 0.2, 0.3*** 01-02-09 BT NU 1.2, 6.7%**

T 01-14-08 BT 0.1, 0.3*** (0.9, 1.2*** 01-14-09 BT NU 0.2, 0.9%**

% 01-31-08 BT NU 0.2, 0.6*** 01-28-09 BT NU NU

o 02-13-08 BT NU NU 02-11-09 BT NU NU

%‘ 11-20-07 Sl 5.8, 9.1*** 5,0, 12.1*** 11-19-08 Sl 3.4, 6.7%** 0.04, 0.2***

2 12-04-07 Sl 0.9, 1.7*** 2,5, 11.3** 12-02-08 Sl 0.1, 0.8*** 0.06, 0.2***
12-18-07 Sl 3.2, 6.7 0.2, 0.3*** 12-16-08 Sl NU NU
12-31-07 SI 0.7, 1.2*** 0.2, 0.3*** 12-28-08 Sl 1.1,1.7* 0.4, 0.8***
01-16-08 Si NU 0.01, 0.04*** 01-12-09 si 0.3, 0.7*** NU
01-30-08 SiI NU NU 01-26-09 SI 0.2, 0.6™** NU
02-12-08 Si 0.1, 0.5*** NU 02-10-09 sSI NU NU

*=P <0.05;, ** =P <0.001
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Table A6. GreaterGrus canadensis tabidl@and lesser sandhill cran@.(c. canadens)s
habitat selection ratios for alfalfa and establishad newly planted irrigated pasture on
Brack Tract (BT) and Staten Island (SI) in the Saento-San Joaquin River Delta
Region of California during winters of 2007-08 &2D8-09. SR represents the Wald
95% confidence intervals for selection ratios. iv¢s above 1 indicate selection,
intervals below 1 indicate avoidance, and interuadtuding 1 indicate no preference.
Habitats that were not used are coded NU. Datevialterepresent the survey periods
(every two weeks) when a particular habitat cooditivas available.

Date Site Greater SR Lesser SR Date Site Greater SRLesser SR
11-07-07 BT NU 1.2, 1.6%** 10-21-08 BT NU NU
11-19-07 BT NU 0.4, 0.6*** 11-06-08 BT NU 3.1, 4.0%*
© 12-07-07 BT NU 6.8, 7.0*** 11-18-08 BT NU 0.2, 0.4***
= 12-19-07 BT 0.1, 0.8*** 2.2, 3.3*** 12-03-08 BT NU 2.8, 3.3***
= 01-03-08 BT NU 9.0, 9.1%* 12-17-08 BT NU NU
01-14-08 BT NU NU 01-02-09 BT NU 6.6, 6.8***
01-31-08 BT NU 7.5, 7.5 1 01-14-09 BT NU 1.2, 10.0*
02-13-08 BT NU NU 01-28-09 BT NU 10.6, 10.6***
10-08-08 BT NU 7.5, 7.5%* | 02-11-09 BT NU 5.0, 8.2***
11-07-07 BT NU NU 01-02-09 BT NU NU
11-19-07 BT NU NU 01-14-09 BT NU NU
12-07-07 BT NU NU 01-28-09 BT NU NU
12-19-07 BT NU NU 10-09-08 Sl 0.9, 1.7*** 5.4, 9.9%**
01-03-08 BT NU NU 10-23-08 Sl 0.6, 0.98** 0.6, 0.8***
B o 01-14-08 BT NU NU 11-05-08 Sl 0.02, 0.4*** NU
ﬁ 5 01-31-08 BT NU NU 11-19-08 Sl 1.8, 4.0*** 0.03, 0.1*
% g_ 02-13-08 BT NU NU 12-02-08 Sl 0.06, 0.3*** (0.8, 1.1***
B 10-08-08 BT NU NU 12-16-08 Sl NU NU
10-21-08 BT NU NU 12-28-08 Sl 0.5, 0.9%** 0.2, 0.4***
11-06-08 BT NU NU 01-12-09 Sl 0.3, 0.6*** 0.03, 0.2***
11-18-08 BT NU 0.1, 0.2** | 01-26-09 Sl 0.2, 0.7*** NU
12-03-08 BT NU NU 02-10-09 Sl 0.8, 1.5%** NU
12-17-08 BT NU NU
3 12-04-07 SI 2.3, 6.4%** 0.8, 1.0*** 12-02-08 Sl 1.1, 2.0%** 9.0, 11.8***
*%- o 12-18-07 SI NU 0.1, 0.2%** 12-16-08 Sl 6.3, 10.6*** 3.3, 5.1***
= 5 12-31-07 SI 0.5, 1.3*** 0.2, 0.4*** 12-28-08 Sl 1.8, 3.0*** 0.2, 0.6***
> % 01-16-08 Sl 12.1,13.2*** 4.3, 4.8** | 01-12-09 Sl 6.7, 9.2%** 1.0, 1.9%**
% < 01-30-08 SI 1.2, 2.3%** 0.9, 1.4*** | 01-26-09 Sl 11.2, 7.9*** 4.0, 6.8***
c 02-12-08 Sl 0.8, 1.0*** NU 02-10-09 Sl 3.1, 7.7 3.5, 9.5%**

*=P <0.05;, ** =P <0.001
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Table A7. GreaterGrus canadensis tabidland lesser sandhill cran@.(c. canadens)s
habitat selection ratios (SR) for safflower andofalfield conditions on Cosumnes River
Preserve (CP) in the Sacramento-San Joaquin Reka Region of California during
winters of 2007-08 and 2008-09. SR represents takel 85% confidence intervals for
selection ratios. Intervals above 1 indicate salacintervals below 1 indicate avoidance,
and intervals including 1 indicate no preferencabithts that were not used are coded
NU. Date intervals represent the survey periodsrfetwo weeks) when a particular
habitat condition was available.

Date Site Greater SR Lesser SR Date Site Greater SRLesser SR
O o
5 -00-
S5 oo N nmo o ow W
5% 111007 oP  NU NU 01-01-08 CP NU NU
o) -10-
: 8 18_;8_82 gﬁ HB mg 11-18-08 CP  0.1,05 NU
% = 11.07.08 CP  NU NU 12-05-08 CP NU NU
g3 12-0508 CP NU NU 12-05-08 CP NU NU
g 01-13-09 CP NU NU
573 01-13-09 CP NU NU
§g 012009 CP MU NU 01-20-09 CP NU NU
8= 11-1808 CP 1.2, 6.6** 7.7, 14.2%%
10-08-08 BT NU NU 12-17-08 BT NU NU
= 10-21-08 BT NU NU 01-02-09 BT NU NU
% 11-06-08 BT NU NU 01-14-09 BT NU NU
< 11-18-08 BT NU NU 01-28-09 BT NU NU
12-03-08 BT NU NU 02-11-09 BT NU NU
10-09-07 CP NU NU 10-20-08 CP NU NU
11-05-07 CP NU NU 11-07-08 CP NU NU
z 5 11-19-07 CP NU NU 11-18-08 CP 0.1,0.5%* 0.1, 0.7**
%E 12-03-07 CP NU NU 12-05-08 CP 0.1,0.7** 0.1, 0.2%**
£ % 01-01-08 CP NU NU 01-13-09 CP NU NU
01-18-08 CP NU NU 01-20-09 CP 0.9,1.4** NU
10-10-08 CP NU NU

¥ =P <0.001
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Table A8. GreaterGrus canadensis tabidl@and lesser sandhill cran@.(c. canadens)s
habitat selection ratios (SR) for dirt roads, tenapp and permanent levees on Brack
Tract (BT) and Staten Island (SI) in the Sacram&#n Joaquin River Delta Region of
California during winters of 2007-08 and 2008-0R. i&presents the Wald 95%
confidence intervals for selection ratios. Intesvabove 1 indicate selection, intervals
below 1 indicate avoidance, and intervals includirigdicate no preference. Habitats
that were not used are coded NU. Date intervalesemt the survey periods (every two
weeks) when a particular habitat condition waslatbe.

Date Site Greater SR Lesser SR Date Site Greater SR Lesser SR
10-09-07 SI 0.2, 0.5%** 0.1, 0.4*** 10-23-08 SI NU NU
11-06-07 Sl 18.5, 30.5*** 2.7, 8.1** 11-05-08 SI 7.1, 20.2*** NU
11-20-07 Sl NU NU 11-19-08 SI NU NU

§ 12-04-07 Sl NU NU 12-02-08 SI NU NU

;3 12-18-07 SI NU NU 12-16-08 SI NU NU

% 12-31-07 Sl NU NU 12-28-08 SI NU NU
01-16-08 Sl NU NU 01-12-09 Sl NU NU
01-30-08 Sl NU NU 01-26-09 Sl NU NU
02-12-08 Sl NU NU 02-10-09 SI NU NU
10-09-08 SI NU NU
10-09-07 SI NU NU 10-23-08 SI 0.3, 0.97* 1.2, 17.8%**
11-06-07 Sl NU 10.3, 14*** | 11-05-08 SI 0.1, 0.7%** 11.5, 28.0***

§ 11-20-07 Sl 0.1, 0.5%** 0.6, 1.0*** 11-19-08 SI 0.4, 1.3*** 7.7, 9.2%**

i) 12-04-07 Sl NU 0.3, 0.6™** 12-02-08 SI NU 1.6, 2.3***

*g 12-18-07 SI NU 1.0, 1.4%** 12-16-08 SI NU 0.4, 0.8***

= 12-31-07 Sl NU 0.01, 0.1*** | 12-28-08 SI NU 0.2, 0.4***

£ 01-16-08 SI NU NU 01-12-09 SI 0.1, 0.4%** 1.8, 2.2%**

g 01-30-08 Sl NU 0.2, 0.8*** 01-26-09 SI NU 0.1, 0.3***
02-12-08 Sl NU NU 02-10-09 SI 0.7, 1.5%** 0.2, 0.6™**
10-09-08 SI NU NU
11-07-07 BT 36.6,41.0%** 1.2, 2.1*** 11-06-07 SI NU NU
11-19-07 BT 0.3, 1.5*** 0.9, 1.4%* 11-20-07 SI NU NU
12-07-07 BT 2.6, 18.6*** 0.03,0.1** | 12-04-07 SI NU NU

® 12-19-07 BT 7.9, 24.9%* 0.3, 1.1%** 12-18-07 SI NU NU

g 01-03-08 BT NU NU 12-31-07 SI NU NU

= 01-14-08 BT 9.7,19.1%* 0.4, 4.3*** 01-16-08 SI NU NU
01-31-08 BT NU NU 01-30-08 Sl NU 0.1, 0.6%**
02-13-08 BT NU NU 02-12-08 Sl NU NU
10-08-08 BT NU NU 10-09-08 SI NU NU
10-21-08 BT NU NU 10-23-08 SI 0.02, 0.4*** NU
11-06-08 BT NU NU 11-05-08 SI 2.0, 5.0%** NU
11-18-08 BT NU 1.6, 2.9%** 11-19-08 SI 1.4, 4.0%** NU
12-03-08 BT 11.2,31.5*** 0.97,2.9*** | 12-02-08 Sl NU NU
12-17-08 BT 16.0, 24.6*** 0.9, 5.8*** 12-16-08 SI 0.3, 0.96*** NU
01-02-09 BT 55.8,61.2** 1.0, 2.9%* 12-28-08 SI NU NU
01-14-09 BT 55.5,60.2**>* NU 01-12-09 SI NU 0.2, 0.6™**
01-28-09 BT 0.95, 8.9*** NU 01-26-09 SI NU NU
02-11-09 BT NU NU 02-10-09 Sl 0.05,0.82*>* NU
10-09-07 SI NU NU

¥+ =P <0.001



