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THESIS ABSTRACT

The findings presented in these two chapters repteke first explicit
postfledging movements and habitat use for adatefe Saltmarsh Sharp-tailed
Sparrows. Female sparrows varied considerablyaim tise of total space, but
appeared to move consistently during the postflegigeriod in the distance between
relocations and the distance to from relocatiorthédr nest. Movement behavior was
best predicted by models incorporating the amotiattdicial ditch and natural
channel margins, but we were unable to demongtraferential use of these features
within female home ranges.

This study also identified a shift in habitat useni the nesting period (as
reported in other studies) to the postfledginggqekrEven in such a relatively simple
system as salt marshes, individual females denaiedtdifferent preferential use of
individual habitat components. The overall patt@rhabitat use, however, was
strikingly different from that previously describ&at Saltmarsh Sharp-tailed
Sparrows during other periods of their life. Theswnsuite of microhabitat
components that describes postfledging habitatassists of relatively tall and
structurally varied vegetation, at locations refaly close to the marsh edge, and with
relatively greater amounts of bare ground 8nalterniflora (tall form). Previous
attempts to estimate Saltmarsh Sharp-tailed Spgvopulation size in Connecticut
have been hindered by a lack of knowledge concgnhi@ home range size,
movement patterns and habitat use of this spetiesse data should facilitate the
creation of demographic models that could provideable insight into conservation
actions and into the processes that regulate Saln&harp-tailed Sparrow

populations.
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Chapter 1: Postfledging movement behavior of adult female

Saltmarsh Sharp-tailed Sparrows

INTRODUCTION

For effective conservation and management we nesegiehensive
knowledge of a species’ biology at all life stageletcher et al. 2006). Relatively
little is known about the postfledging needs and/emoent behavior of birds (Vega
Rivera et al. 1998; Lang et al. 2002) and few sggebave been studied in detalil
during this life stage. Nonetheless, previous sitiave reported high fledgling
mortality during the first several days after leaythe nest (Naef-Daenzer et al.
2001) and throughout the subsequent weeks (e.@|f@vaen 1978, Sullivan 1989,
King et al. 2006; Berkeley et al. 2007). Juvenuevezal may not have the greatest
impact on population growth rates (reviewed in Saetimd Bakke 2000; Murphy
2001; Fletcher et al. 2006), but local managemetiras may be more able to
positively influence this life history period.

Most post-fledgling studies have solely examineddling survival (K.
Wells, unpublished data), and few studies have eeuhthe detailed actions of the
attending parents during the dependency periody(Ktral. 2006). Moreover, nearly
half of the published postfledging studies havawrad postfledging ecology in
forests and upland prairie habitats and some spéeig., Wood Thrushiylocichla
mustelingdhave been disproportionately represented in thd#lpdging literature (K.
Wells, unpublished data). To broaden our understgnaf the postfledging period,
we need space use data collected in a varietyemfiespacross a diversity of

landscapes. Such data will allow us to documentahge and sources of influence



on both parental and juvenile postfledging movenbemtavior. Furthermore,
documenting the movement capabilities of individuzdn allow us to: 1) identify
population structures; 2) measure the ability spacies to colonize newly-created
and restored areas (Hanski 1998); 3) documentdhbsilpe impact of fragmentation
(Grubb and Doherty 1999).

The cost to attending adults during the dependpedyd is not trivial and
can reduce survival (Wheelwright et al. 2003), délaure reproductive attempts
(McGillivray 1983), and may influence how both patseand offspring move through
the landscape (Vega Riviera et al. 2000; BayneHuotzson 2001). A species’
movement behavior, breeding success, and mortali#g can vary greatly among
habitat patches of different sizes (Winter et BD&), and the effects of fragmentation
and patch size on postfledging movements are poodgrstood (Strong and
Bancroft 1994). During the dependency period thengobecome increasingly
independent of their attending parent(s) for deaisiregarding resource selection and
direction of movement.

The Saltmarsh Sharp-tailed SparrodmMmodramus caudacufus an obligate
saltmarsh breeding species of the U.S. Atlantistagth more than half of the total
population projected to nest in southern New Ergji@rettmers and Rosenberg
2000). In this species, males are non-territoria do not provide any parental care
(Woolfenden 1956; Greenlaw and Rising 1994). Fer8alemarsh Sharp-tailed
Sparrows are also non-territorial with overlappitagne ranges and will often nest
within several meters of each other (Greenlaw aisth& 1994; JMH personal

observation). These ground nests are quite vulfeetatuaily tidal flooding and the



near-monthly new and full moon tides that can byisibmerge tidal marshes (Lewis
1920; Greenberg et al. 2006).

The primary objective of this study was to quantifg movements of adult
female Saltmarsh Sharp-tailed Sparrows during tstfledging stage, and to
investigate the relationship between space uselgmdater margin features; 2) body
weight; 3) marsh size; and, 4) time of seasonn®&akh Sharp-tailed Sparrows spend
more time foraging from exposed muddy surfaces,(thg margins of tidal water
features) than any other microhabitat in the méiPgist and Greenlaw 2006), which
are most commonly found along ditches and chanHelsce, we hypothesized that
the presence of ditches and channels within theehramge of females could explain
their movement patterns. Larger individuals maynegjgreater area to obtain
necessary resources (McNab 1963), and marsh side loe a proxy for habitat
guality (cf., Zanette et al. 2000), forcing females in poaaliqy marshes to also travel
farther. Lastly, females may be more likely to wanthrther from their nesting area
towards the end of the breeding season as theicekaf reproducing again that year
diminish. We specifically chose Saltmarsh SharfgtaSparrows for this study
because changes in space use may be more ditbodéttect in species with: 1) more
attending adults (since the costs and consequeh@estfledging care would be
spread across more individuals; 2) territorial bédrathat may inhibit movement
beyond the defended area; and, 3) few postfledgiimjes have examined extreme

habitat specialists.



METHODS

Study Area

This study was conducted at six salt marshes aon@5 km stretch of Long Island

Sound in Connecticut (Figure 1), roughly betweenttdwns of Guilford (New Haven

County) and Old Saybrook (Middlesex County). Thedaminant vegetation at all

sites consisted @partina patensS. alterniflora, Juncus gerardigndDistichlis

spicata(Chapter 2). The invasive speciRisragmites australisvas present at all six

sites to varying degrees but was largely confiretth¢ edges and drier upper portions

of the marshes.

1 area of detail (below)

CONNECTICUT N

A
;’J
ER %f e
WR ~ (355 ha) IR MH sl §
(126 ha) "ﬁ (34 ha) (27 ha) Lo N
(127 ha) pass
T R A=
W-— e 39-/ 5'5 *L‘/
2z 3 +§ -
Garir {127 ha)
LONG ISLAND SOUND
10 0 10 Kilometers

Figure 1. Salt marshes (with sizes in ha) withoagdansmittered adult female Saltmarsh Sharp-tailed

Sparrows in 2006 and 2007: West River (WR), EageR(ER), Indian River (IR), Hammock River

(HR), Mud & Hagar Creek (MH), and Plum Bank WildliManagement Area (PB).



Pervasive landscape features in salt marshestérei@rdrainage ditches and
natural channels (e.g., streams and rivers). Alhefmarshes in our study and > 90%
of marshes in New England were ‘ditched’ priortie 11940s, largely to reduce
standing water and facilitate mosquito control (Boand Cottam 1950). In our study
marshes ditches were dug parallel to one anothreughly 30-40 m intervals. These

ditches often extend for hundreds of meters inréepty straight line, but ditch

layout can be highly variable (Figure 2).

Figure 2. West River Marsh aerial photo (left; fratme University of Connecticut’'s Center for Land

Use Education and Researtit)y://www.clear.uconn.edwvith a natural channel (curvy line running

from top to bottom through the middle of the maysiificial ditches (straight lines radiating ftl
and right), and Long Island Sound visible in thr&xe lower right corner. Close-up (right) of an

artificial ditch at mid-tide near a similar poinhere the box is centered in the left photo.



Nest Searching and Monitoring

Data were collected between May and September06 aad 2007.

Beginning in late May each year we searched fotsregery 3-10 days and continued
to search for nests throughout the season. Margbessystematically searched by
walking back and forth at closely-spaced intenaald constant speed to ensure that
nests throughout each marsh were found. We disedvegsts by flushing females,
observing female nesting behavior (e.g., food ¢ag)y and opportunistically.

Once found, nests were marked 5 m away with a sitidity flag and
monitored every 3-5 days until failure or fledgiogcurred. Starting on the day prior
to expected fledging, all nests were checked d#yen nests were found empty, we
searched the surrounding area for drowned nestiingobserved the female for up
to two hours for food provisioning behavior. We sumlered young to have fledged if
young were present up until at least the day pa@xpected fledging, and we did not
find drowned nestlings around the nest.

We aged nestlings either by witnessing hatching (Jar based on
Woolfenden’s (1956) descriptions of known-age Satsh Sharp-tailed Sparrow
nestlings. Female sparrows were captured at tlesirduring the nestling stage,
generally, one or two days prior to expected flaggAfter capture we took basic
morphological measurements and weighed femalessare that radio transmitter
weight was< 3% of body weight. We attached a USGS aluminundparsite-
specific color band, and a radio transmitter. Fostfiemales (n = 21 of 23) we also
attached radio transmitters at this time to thgdat nestling in their nest as part of

another study. Because we generally attached radiogdiately prior to fledging,



we had few radio-marked females with unsuccesgfsisnand hence we excluded

data from these females for this study.

Radio Attachment and Tracking

We attached radio transmitters (.51 g, Model BD-BNtohil Systems Ltd.,
Ontario, Canada) using two methods: a figure-8 ées1{Rappole and Tipton 2007)
using elastic beaded thread with a 42 mm harnegs(kee Naef-Daenzer 2007), and
attaching transmitters to the synsacrum with gheeijte 422, Locitite Corporation,
USA). Females (n = 2 of 5) were able to forcefuiynove glued transmitters from
themselves or their nestlings (n = 4 of 4) so wachied all subsequent transmitters
using the figure-8 harness. We used the same traasbody in both years, but in
2007 we increased the antenna diameter from 0.0&&®mm in response to females
bending and/or breaking-off their antennas whicluoed signal strength. We
trimmed the heavier antenna to just-over tail larsgi that the weight of the total
transmitter package remained approximately the sesibe previous year.

We tracked sparrows on foot using Model R-1000ivecs (Communication
Specialists, Inc., Orange, California) commencimgyday after transmitter
attachment to allow individuals to become accustbtoehe presence of the
transmitter. We used a systematic sampling reginectate each radio-tagged bird
once daily between 0530 and 2030. We scanned day ségnals before entering
marshes to approximate the location of all radiok®ad birds. Because Saltmarsh
Sharp-tailed Sparrows are agile runners (Hill 196&enlaw and Rising 1994),

radio-tagged birds were approached at a brisk watik they either flushed or were



seen in the vegetation, and a GPS point was takén(lorizontal precisios 4 m
with Wide Area Augmentation System (WAAS) enabl&dymin Etrex, Garmin
International, Inc. Olathe, Kansas). This methadifaling marked adult birds has
advantages over the standard triangulation metked aften in telemetry studies
(White and Garrott 1990), because it allows onetord the bird’s exact location
rather than placing the bird in the center of anrgoolygon (Findholt et al. 2002).
We attempted to vary the direction from which wera@ached radio-tagged birds
each day so as to avoid systematically drivingsindone direction.

Sparrows were tracked until their transmitters ééflor failed, until they were
depredated, or until they moved beyond our rangketdction. We only included
female sparrows that were detected at least thie@uar analysis. Once a sparrow
went missing, we continued to search for it for 8vér a 10-ha area centered on the

last known location.

Model Building

We used an information-theoretic approach (BurnaachAnderson 2002) to
compare a set & priori models, and we tested these models against tbpsndent
variables: 1) minimum convex polygon [MCP] sizen2gan distance from relocation
sites to the female’s nest; and, 3) mean distarmeethbetween consecutive days.
For each dependent variable we tested a global Inaode4 single-variable models
that included the following explanatory variablés) marsh size (calculated using the
Connecticut Department of Environmental Protectiod Office of Long Island

Sound Programs (1995) Tidal Wetlands GIS Covenadgec¢View); (b) capture



weight; (c) median tracking date (expressed as siage January 1); and, (d)
cumulative ditch and channel margin length (squaot transformed to meet
normality assumptions) within a female’s MCP. Taek of natural channels in most
female home ranges (n = 12) precluded analyzingetigth of natural channel
margins as a separate explanatory variable.

Saltmarsh Sharp-tailed Sparrows are known to foeagensively in exposed
muddy substrate (Post and Greenlaw 2006). Measthengrea of exposed muddy
surfaces along water features from aerial photostseliable, due to the presence of
overhanging vegetation and the limited picture Ikggm (JMH personal
observation), especially for water features < ~.Zmindex the amount of muddy
surface available to females, therefore, we deletethe edges of artificial ditches
and natural channels from true color coastal imagmewed over the internet from
The University of Connecticut’s Center for Land Ws#ucation and Research

(http://www.clear.uconn.edun ArcView with the ECW plug-in (ER Mapper, San

Diego, California). Since sparrows generally foragpng the margins of ditches and
channels, we marked the edges of water featurerwhde ~ 2 m by tracing both
boundaries of the feature. For features less thamwide we simply drew a single
line down the middle of the feature.

Movement data were measured using the Animal Moweifver. 1.1; Hooge
and Eichenlaub 1997) and XTools extensions (DeLd®8F) in ArcView 3.3
(Environmental Systems Research Institute, Red|aalfornia), and analyzed with
SAS 9.1 (SAS Institute Inc., Cary, North Carolirag,were all other data. We tested

for correlation between the mean distance fromtlona to the nest and mean



distance between consecutive relocations and diags 8edging occurred using
sequential Bonferroni corrections (Rice 1989).

Estimates of space use, including home range dstimare sensitive to the
number of measurements used (Harris et al. 1990teVelhd Garrott 1990).
Therefore, we investigated the impact of this poéknuisance variable (the number
of measurements used; hereafter referred to assyibs size) on all dependent
variables. The variable was differed slightly degiag on the dependent variable
being tested. For models describing MCP size aadnban distance from the bird to
the nest the number of relocations was the subsasig#. For models of the mean
distance between consecutive relocations we uslgdlmnumber of measurements
between consecutive days; we excluded adjacerd phlocations separated by a day
when the bird was not located. We ran each of low@ 5 models with and without
sample size included as an additional explanatariable.

We calculated Akaike’s information criterion (Akai1973) with small
sample size correction (Hurvich and Tsai 1989), asetl Akaike weightsif) to
compare the relative likelihood of each candidateleh For each dependent variable
we created: 1) a confidence model set that inclagdmodel with anAIC, < 4.0;

2) averaged parameter estimates for any varialglerong in the confidence set of
models; 3) weighted unconditional standard errmsfthose estimates (Burnham
and Anderson 2002); and, 4) a composite model (Bamand Anderson 2002). We
evaluated the assumptions of models by visual exation of residuals vs. predicted

value plots and normality tests (Shapiro and W8K9) of residuals.
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Water Feature Margin Length Measurement and Conspari

Since ditches and channels are common featureswgiift marshes, we
investigated whether we could distinguish theispreee in a female’s MCP
compared to a random area within the same marstedet female sparrow we
selected a random area within the same marsh #iahed the size of her calculated
MCP using the AlaskaPak extension (U.S. Departrokhiterior 2002) for ArcView.
We disregarded any random area that overlapped irathat contained > 50% non-
salt marsh areas (e.g., forests), and selecteti@m@ndom area. We then separately
compared the cumulative margin lengths of artifidieches (paired-test) and
natural channels (Wilcoxon matched pairs singed-tast due to extreme non-
normality) between a female’s MCP and that in theesponding random area to

determine whether the lengths differed from thateeted by chance.

RESULTS

Over two years, 23 female Saltmarsh Sharp-tailed8ws that successfully
fledged young were followed for at least 3 da¥s=(12.7 + 5.0 days). Eight females
(35%) were radio-tracked until suspected radio mtjpn (mean days tracked =
17.9), 12 (52%) disappeared before expected radlioré (mean days tracked = 10.9
d), one (4%) was depredated 14 d post-deploymadtivao (9%) shed their radios (5
and 10 d post-deployment). The recovered radib@ftiepredated female was
chewed, covered in mud, and yet still producedaealsle telemetric output. We
suspect that she was killed by a mammal, becaeseh#twed-up remains were found

on the ground in the marsh beneath very dense atsgenhear the entrance to a hole.

11



All data are presented for n = 23 individuals, wrtean = SD given unless
otherwise explicitly stated. We removed two femdifem the movement portion of
the analysis that exhibited extreme movement behawilike that of the remaining
females. The removal of these two females did hahge the composition of the
composite model for each of the three dependemhlas quantifying movement
behavior. Two females initiated a second nest 41and after their first brood
fledged, 69 and 30 m away from their previous nestpectively. We truncated the
data for these two individuals at the point whesytinitiated their second clutches,
so all postfledging movement data for all birdddeled a single successful
reproductive attempt.

During the first day following a fledging event fates were usually quite
conspicuous while delivering food to fledglings.sBd on observations of radio-
tagged females repeatedly carrying food to separats, we infer that fledglings
likely did not stay together after leaving the nesid we never observed multiple
fledglings together. Consequently, they occupietuah larger area than if they had
remained together, which made observing fledgl(agsl the behavior of the
attending female) much more difficult. After thestiday post-fledging, due to the
dense marsh vegetation, and cryptic behavior dfjfiegs and females it was not
possible to ascertain if dependent young wereadiile, even when they were radio-
transmittered, without physically searching andlifig the fledging in the vegetation.

Female MCP size following their chicks fledging gad from 0.14 to 1.06 ha
(X =0.51 +0.29 ha, median = 0.40 ha). Minimum conpelygon size was

significantly correlated with the mean distancerfneelocations to the nest site and

12



with the mean distance between consecutive retmtag = 0.61, p = 0.002, and=
0.48, p = 0.021, respectively). In general, themisily distance moved between
relocations remained fairly stable (Figure 3). Bigtes between relocations and to the
nest were generally less than 100 m. Within indiaid, we did not detect any
significant trends in the distance between consezildcations (range af=. -0.41 to
0.76), and overall there was no relationship betwaean distance between
consecutive daily relocations and days post-flegigir= -0.21, p = 0.344). The mean
distance between a female’s consecutive relocatiariag the postfledging period
was significantly correlated with the mean distabe®veen the female’s location and
her nestr(= 0.71, p = 0.0002).

There was no evidence that females moved away tlhemest following the
fledging of their young (Figure 3), and there wag@lationship between mean
distance from the nest and days post-fledgirg{0.14, p = 0.529). We did not
detect any movements of radio-tagged birds movetg/éen marshes. Examining
each female separately, we detected no individuigtsa significant trend in their

distance located each day from their nest.

13
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Model Performance

Female space use and movement rates were begttpddoly models that
incorporated the length of natural channel andi@ei ditch margins (Table 1). The
same two models were selected as either the fist@nd best explanation for each
dependent variable (Table 2). Models containingy ¢im length of water feature
margins best explained MCP size € 0.76) and mean distance between relocations
(w; = 0.41). A similar model also containing the nasavariable, subsample size,
was the best explanation of the mean distance fedtocation sites to the nest; (=
0.58). These were the only models to fall withia tonfidence model seAAIC <
4.0) for each dependent variable, and together tloenbined Akaike weight was >
0.95 for MCP and the mean distance between retwtatand 0.81 for mean distance
between relocations and the nest. The remaininghlas (weight, marsh size, and
date) all had little explanatory power for any loé tdependent variables (individual

variable Akaike weights < 0.09 in all cases).

Table 1. Composite model with all variables thateviecluded in the confidence model seA[C,. <
4.0) for each dependent variable: minimum convdygmm, mean distance to nest, and mean distance

between consecutive daily locations.

Parameter

Intercept Days tracked Margin length

Dependent Variable Mean + SE Mean * SE Mean + SE
Minimum Convex -137.69 + 1186.51 15.87+24.3 415.56 + 78.46

Polygon
Mean Distance to Nest 36.14 + 15.72 -0.88 £ 0.64 2.34+0.75
Mean Distance Between
Consecutive Daily 37.91 £13.52 -0.4+0.35 1.1 +0.49

Locations

15



Table 2. Comparison of models created to explanvtriation in MCP size, mean distance between
relocations and the nest, and mean distance betvegesecutive daily locations of female sparrows
during the postfledging period. All models with Aka weights> 0.001 are included. Models included
in the confidence set are indicated wWittAAIC,. < 4.0). The number of variables (k) in each model
includes the intercept and error term. For modefedbing home range size and mean distance to the
nest, subsample size equals the number of radioatbns for an individual. For models describing
mean distance between two consecutive relocatsufissample size equals the number of

measurements made between pairs of relocationer@mecutive days.

Dependent
Variable Explanatory variables K  AAIC, Wi

*Margin length 3 0.00 0.755

Minimum *Margin length + subsample size 4 2.32 0.237
Convex Margin length + capture weight + marsh size +

Polygon median tracking date 6 9.46  0.007
Margin length + capture weight + marsh size +

median tracking date + subsample size 7 13.06 0.001

*Margin length + subsample size 4 0.00 0.575

*Margin length 3 0.85 0.376

Median tracking date 3 8.18 0.010

Capture weight 3 8.23 0.009

Mean Marsh size 3 8.44 0.008
Distance Margin length + capture weight + marsh size +

To median tracking date + subsample size 7 8.48 0.008
Nest Margin length + capture weight + marsh size +

median tracking date 6 9.41 0.005

Median tracking date + subsample size 4 1061 0.003

Capture weight + subsample size 4 10.93 0.002

Marsh size + subsample size 4 10.95 0.002

*Margin length 3 0.00 0.410

*Margin length + subsample size 4 0.03 0.404

Marsh size 3 4.19 0.050

Mean Capture weight 3 441  0.045

ggﬁggﬁ Median Fracking date _ 3 4.66 0.039

Consecutive Marsh size + subsample size _ 4 6.74 0.014

Daily Capt_ure we|g_ht + subsample size _ 4 7.17 0.011

Locations Medlan tracking date + sub_sample size 4 7.20 0.011
Margin length + capture weight + marsh size +

median tracking date 6 7.97 0.008
Margin length + capture weight + marsh size +

median tracking date + subsample size 7 8.18 0.007
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Water Feature Margin Comparisons

Female minimum convex polygons and equivalentlgdimndom areas
within the same marshes contained similar amourtteth artificial ditch and natural
channel margins. Twelve minimum convex polygonsrditicontain any natural
channels, while nine random areas also lacked megalsunatural channels. Two
minimum convex polygons and three random areasdatid¢ontain any artificial
water features. We failed to detect a significafiecence in the length of artificial
ditches or natural water features between the minmirnonvex polygons and random
areas (paireth, = -0.63, p = 0.538, and Wilcoxon matched p&irs,23.50, p =
0.325, respectively) (Figure 4). Minimum convexymans contained significantly
greater lengths of artificial ditch margins tharnunal channel margins<(= 127 + 99
m, andX = 48 + 74 m, respectively; Mann-Whitnegpproximationt = 685.0, p =
0.003). The equivalently-sized random areas aldchmed this pattern of significantly
greater lengths of artificial ditch margins thanumal channel margins{(= 117 + 92
m, andX = 71 + 107 m, respectively; Mann-Whitnegpproximationf = 638.5, p =

0.036).
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Figure 4. Comparison between artificial ditch aatunal channel lengths measured within a female
sparrow’s calculated MCP (n = 23), and within padirandom areas (n = 23) of equal size within the
same marsh. Female home ranges and random aréasobtdined significantly greater lengths of
ditch margins. There was no significant differeircéhe length of ditch or channel margins among
female home ranges and the corresponding randcas.aksterisks represent values beyond 1.5 times

the inter-quartile range.

DISCUSSION

There was substantial variation in the total an@fispace female Saltmarsh
Sharp-tailed Sparrows used during the postfledgergpd. Females, on average, used
0.51 ha during the period they were radio-tracked our estimates ranged from 0.14
to 1.06 ha. These estimates are similar to pre\boesding season estimates
produced from non-telemetric methods. Based onreasens of banded birds
Woolfenden (1956) estimated that females occupiédh@ and Greenlaw and Rising

(1994) reported a mean of 1.1 ha (range 0.4 —&).18Both of these estimates were
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produced by observing individuals during the sumrhat without knowing the stage
of reproduction these females were in. Our inteas Yo quantify space use during the
postfledging period, and hence we attached raditbeeaend of the brooding phase.
Combined with the few number of individuals who weoadios > 1 day during the
brooding phase (n = 5), it is difficult to say hawd if individual space use changes
throughout the reproductive cycle, but space ukaasvn to change in other species
through the breeding period (Stenger and Falls 1B8&5& 1990).

Following their chicks fledging, the distance franfiemale’s locations to her
nest and between consecutive relocations werg faorsistent, with no change in
either distance in relation to the number of dagsesfledging had occurred. This
result was perhaps surprising for a number of remsbhe flight and movement
capabilities of fledglings should steadily increaster they leave the nest, and some
studies have reported fledglings moving increagiagiay from the nest (Berkeley et
al. 2007). If we are correct that Saltmarsh Shaied Sparrows fledglings behave
independently of one another after leaving the trest they should move further
apart over time. We would expect this increasedusdjon between fledglings to
result in the attending female traveling greatstatices with each passing day. This
pattern of increased female movement over timeneasipparent from out data,
possibly because we were unable to follow the nitgjof female sparrows until
radio expiration, and because of the low numbédefales we were radio-tracking
towards the end of suspected battery life whenitizieased movement pattern

should be most prevalent.
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Female space use and movement rates were besttpcedy models
incorporating the length of natural channel andicigl ditch margins. These features
are abundant in most of the salt marshes occuthirmgighout the range of the
Saltmarsh Sharp-tailed Sparrow. Less than 10%r&ir@ng marshes remain un-
ditched (Bourn and Cottam 1950) throughout theigea Channels and ditches, and
the associated vegetation, are important foragbeg for Saltmarsh Sharp-tailed
Sparrows (Greenlaw and Rising 1994; Post and GaeeP006), and are important
predictors of micro-habitat use (Chapter 2). Siditehes generally run parallel to
each other at fixed intervals, they may occur ichstonfiguration within marshes as
to preclude individuals from moving in such a wayraximize their use of these
features. To move between ditches females would hatraverse the areas between
them.

Although we rationalized that space use would fleenced by the
availability of water feature margins we found ridence to support this hypothesis.
The lengths of channel and artificial ditch mardid not differ between female home
ranges and random areas of similar size. At thie eddemale Saltmarsh Sharp-tailed
Sparrow home ranges it appears that these manginsa@rporated randomly into
female space use, and are not a result of preferdnis likely that the best models
predicting mean distance to the nest and the mistande between consecutive daily
locations simply reflect the increase in ditch niangith increased marsh area.

There is considerable evidence for many groupsiohals that a species’
home range size increases with body size (HarestddBunnell 1979). This

increasing space has been attributed to a hostssilge factors including increasing
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energy requirements (McNab 1963). Our modeling @ggir, however, found little
relative support for differences in movement bebabiased on body size differences
between females. Considering that the weight ofalemin our study covered a
narrow range, it is possible that our movement tigianetrics were not sensitive
enough to detect differences due to body weightyver the scale that we made
measurements it had little effect on movement bieinalf smaller habitat patches
have less abundant food suppliefs, Zanette et al. 2000), then female sparrows may
have to increase their use of space to find adequrabunts of food, or lead their
fledglings farther distance from their nest thamddes in larger marshes with more
abundant food resources.

Benoit and Askins (2002) reported a decrease imr@palensity in small
marshes compared to larger ones, but we found idemse to suggest that female
sparrows use space or move differently with resfmentarsh size. A large proportion
of the radio-tagged females (n = 12; 52%), howewent missing prior to expected
radio failure. Some of these females may have tidabeir radio or been
depredated, but it is likely that some of them msugestantial movements away from
their last known location. We searched 10 ha cedten the last known location for
a missing female, and in marshes < 30 ha (e.ganridiver and Mud & Hager
Creek) we feel confident that we would have detketgy females still within these
marshes with working radios. Thus, females withkirgg radios who prematurely
disappeared from small marshes likely left the imaftogether, as has been reported

elsewhere for this species (DiQuinzio et al. 2001).
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We did not detect inter-marsh movements, howevet radio-tagged birds
were never observed to cross large within-marstufes (e.g., roads and railroad
tracks) in the interior of our largest study massliEhese features running through the
marsh were always raised on berms a minimum ofabave the marsh. Attesting to
their willingness to move, though, we frequentlgetved birds flying distances >
100 m across river mouths. If adults show unwilliegs to cross these elevated
landscape features then they would likely serva laarrier to fledgling movement.
However, movement across undesirable habitat dan@gostfledging period is
poorly understood and highly variable between gge(Desrochers and Hannon
1997; Bayne and Hobson 2001). For females to mavefahese marshes, we
hypothesize that the movements must be occurridgwah, dusk, or during the night
when they are known to migrate (Greenlaw and Ri$B@g).

In conclusion, we provide the first information postfledging movements by
adult female Saltmarsh Sharp-tailed Sparrows. Fesnadried considerably in their
use of total space (0.14 to 1.06 ha), but oversthdces moved were consistent
throughout the postfledging period. Movement betiawias best predicted by
models incorporating the amount of artificial ditwhd natural channel margins, but
we were unable to demonstrate preferential uskesfet features within female home
ranges. We were hampered in our investigation@ptistfledging period by the
majority of females that went missing prior to esfeel radio-expiration. These
females may have finished providing care for flaugg or they may have lost their
fledglings from mortality. However, the frequendyich attending adults move

from the natal area during the post-breeding pemag not necessarily correspond
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with nesting breeding success (Arlt and Part 2008yerstanding how fledgling
Saltmarsh Sharp-tailed Sparrows move during th&élpdging period, and the
relation of these movements to those of the attegnfdimale, may offer the best

understanding of movement behavior of the femalemd this time.
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Chapter 2: Postfledging Habitat Use by Adult Female
Saltmarsh Sharp-tailed Sparrows

INTRODUCTION

A temporally changing environment (Warnock and kakea 1995) or one
that has been unduly influenced by anthropogermsituhance (Misenhelter and
Rotenberry 2000) may make the identification afdgs-maximizing habitat more
difficult for individuals. Humans are altering egstems at a rate never before seen in
human history (Wilcove et al. 1998; Millennium Egstem Assessment 2005), and
wetlands in particular are being degraded and gisapng due to human alteration
and habitat destruction (Balmford and Bond 200%ithfopogenic disturbance in
New England has destroyed many historic salt maréhieer 1984): as much as 30%
in Connecticut (Rozsa 1995) and up to 80% in othealized areas (Bertness et al.
2002). The remaining salt marshes continue to $aceus threats from urbanization,
degradation, and invasive species (2gragmites australjsBertness et al. 2002;
Zedler and Kercher 2004). Much of the physical rpalaition and degradation of salt
marshes resulted from the extensive grid ditchivag is ubiquitous in northeastern
U.S. coastal marshes. This alteration occurredno@yg in the late nineteenth century
to ‘improve’ salt marshes for agricultural prodocti(haying ofJluncus gerardiand
Spartina patens and later for mosquito control (Bourn and Cotte980).

Individual organisms should select for habitat ihgtroves their chances of
survival and reproductive success, but doing saccaate conflicts during the
breeding and post-breeding periods when parentslmalence their needs with those
of their offspring (Spencer 2002). The needs ofhaividual may change their habitat

preference throughout their life history (Vega Ravet al. 1998; Pagen et al. 2000;
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King et al. 2006), so it can be particularly im@ont to identify the needs and
preferences of the life stage targeted by manageamehconservation actions.

Females Saltmarsh Sharp-tailed Sparrows provids #fle parental care and
have over-lapping home ranges while males areradseterritorial (Woolfenden
1956; Greenlaw and Rising 1994), hence femalesldimoi be constrained to
specific areas by territory boundaries. The youedde from their nest 8-11 days
after hatching (DeRagon 1988; Greenlaw and Ris88#), and are incapable of
flight. They are likely to be particularly vulnedalio predation and drowning at this
stage, as numerous studies have recorded higts lel/pbstfledging mortality for
other passerines (e.g., Woolfenden 1978, Sulli\@891Naef-Daenzer et al. 2001,
King et al. 2006; Berkeley et al. 2007). Understaggatterns of habitat use at this
time, therefore, may be particularly important.t®arsh Sharp-tailed Sparrows occur
exclusively in salt marshes throughout their lijele, making them particularly
vulnerable to changes in marsh vegetation and palysiructure.

Saltmarsh Sharp-tailed Sparrows breeding habitatists primarily ofS.
patensand other high-marsh associated plants (Reindriviallo 1995; Brawley et
al. 1998; Shriver 2002), with little. australis(Benoit and Askins 1999). At the 1-m
scale nests are placedSnpatenswith a deep thatch layer (Gjerdrum et al. 2005).
These ground nests are quite vulnerable to dalig} flooding and on a monthly basis
especially the spring tides that typically submeidal marshes (Lewis 1920;
Greenberg et al. 2006At the 1-ha scale nests are more common in araasuté

away from the edge of the marsh and composddgsrardii (Gjerdrum et al. 2008).
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Adults tend to be found in areas where there ip deatch away from the marsh edge
(Gjerdrum et al. 2008).

Does habitat selection by female sparrows remanstemt from the nesting to
the postfledging period? If so, we would expectdéaa to be found in areas away
from the marsh edge, in areas dominated.lgerardii. However, little attention has
been paid to Saltmarsh Sharp-tailed Sparrow usetifitial ditches and natural water
channels (e.g., rivers) in habitat selection s&idEparrows frequently use these
ditches and channels as movement corridors (Gneearid Rising 1994; JMH
personal observation) and predominantly forage fnmmldy substrate (Post and
Greenlaw 2006). Since, the majority of salt marghe30%) within the breeding
range of Saltmarsh Sharp-tailed Sparrows (centeah&lto Virginia; Greenlaw and
Rising 1994; Hodgman et al. 2002) were grid-ditchetbre 1938 (Bourn and Cottam
1950) these water features are ubiquitous in theitat. Saltmarsh Sharp-tailed
Sparrows have likely declined throughout their e(@reenlaw and Rising 1994).

We investigated the habitat use of Saltmarsh Stealigd Sparrows
(Ammodramus caudacubysiuring the postfledging period after a succdssésting
attempt. This study differs from all previous apgmbes to quantifying Saltmarsh
Sharp-tailed Sparrow habitat use, at all life hig&tages, because we followed radio-
tagged individuals of known sex and reproductietust. Furthermore, we performed
habitat measurements at the actual locations wheee individuals were visually
observed. Our objectives here were to identify comemts of salt marshes that best
predict the specific locations used by adult fengdé&marsh Sharp-tailed Sparrows

during the postfledging period. We compared vegedatover at locations used and
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available to female sparrows and proximity of thiesations to artificial ditches,

natural channels, and the marsh edge.

METHODS

We collected data at five salt marshes along a kn2Section of Long Island
Sound in Connecticut (Figure 1), between the toafrGuilford (New Haven
County) and Old Saybrook (Middlesex County). Indivél salt marshes ranged in
size from 27 ha (Mud-Hagar Creek Marsh) to 355Hest River Marsh) and were

composed of numerous public and private properties.
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Figure 1. Salt marshes (with size in hectares) eker measured habitat used and available to radio-
transmittered adult female Saltmarsh Sharp-taifeah®ws during the postfledging period: East River
(ER), Indian River (IR), Hammock River (HR), Mud-gt& Creek (MH), and Plum Bank Wildlife

Management Area (PB).
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Nest Searching and Monitoring

Female Saltmarsh Sharp-tailed Sparrows build watt@uflaged ground nests
in salt marshes. We distributed nest searchingities evenly across the marshes by
dividing marshes into grids and searching for nestssystematic manner. Only
portions of the largest marshes were searchedeabdwnot have complete access to
certain marshes and were constrained by privateeptypboundaries. We searched
individual sections no more frequently than eveda$s to minimize our impact on
nesting birds. Discovered nests were marked wittiligy flag placed 5 m away and
were initially monitored every 3-5 days. We estiaethhestling age by witnessing
hatching (day 0) or based on Woolfenden’s (1956tdptions of different aged
nestlings, and checked nests daily starting twe ghaipr to the expected fledging
date (day 10). Nestlings were banded on day 5 cassonally later. When individual
nestlings were missing we intensively searcheditba around the nest to determine
whether drowning, predation, or fledging had ocedriwWe considered young to have
fledged from a nest, when they were present up thetiday prior to expected
fledging and females appeared to be attendingtigéd young (e.g., food carrying)

hiding in the dense vegetation.

Radio Attachment and Tracking
We captured female sparrows at their nests withgaeled mist nets,
generally 1-2 days prior to the date on which tlgeitng were expected to fledge. We

took basic morphological measurements (e.g., witttarsus length) and attached a
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USGS aluminum band and a site-specific color b&iel attached radio transmitters
(model 0.51 g, BD-2N; Holohil Systems Ltd., Carmté&rio), using the Rappole and
Tipton (1991) figure-8 harness method using eldsteded thread with a 42 mm
harness loop (Naef-Daenzer 2007). For most fenfalesl0 out of 12) we also
attached a radio transmitter to her single largestling for a separate study.

We radio-tracked female sparrows on foot with Md&el000 handheld
receivers (Communication Specialists, Inc., Ora@gifornia) starting the day after
transmitter attachment. Before we entered marstescanned for the location of all
radio-marked birds. After approximating the locas®f individuals we approached
each bird quickly on foot and flushed it from thegetation. Most saltmarsh
vegetation was short (< 0.5 m), which, allowedaiguickly pinpoint the location of
flushing females. They generally flushed at a dis¢éeof 4-10 m with a detectable
increase in signal strength when females flew théoair. In marshes with multiple
radio-marked birds we varied the order in whichrelecated individuals and
approached each bird from a direction that wouldicaunknowingly flushing
individuals not yet located. We recorded a GPStlonalirectly over the spot where
the bird was first seen with a Garmin Etrex (Garinternational, Inc. Olathe, KS),
and marked the location with a uniquely numberddytiag.

Physically finding and flushing individuals haswanmber of advantages over a
traditional triangulation-based search strategye m@searcher is better able to record
the exact location of the animal, as opposed toipdethe animal in the middle of an
error polygon created through triangulation (S&R84; Findholt et al. 2002). This

increased precision in recording animal locaticers lead to improved estimates of
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microhabitat conditions at points actually usedhsyanimal, especially at the small
spatial scales as in this study.

We found and recorded the location of each indiadunce daily. For missing
birds we searched an area of approximately 10 hiziE on the last known location
for three consecutive days after disappearance fénale initiated a second nest
after successfully fledging her first brood. Simes focus here is on postfledging
habitat selection, we truncated her data set tadeconly her habitat use prior to the

initiation of her second clutch.

Habitat Analysis-Used vs. Available

To minimize our impact on radio-tagged females aneduce the chance of
disturbing fledglings hiding in the vegetation n&maa female’s location, we recorded
vegetation characteristics after radio-tracking beased for an individual. We
centered a 1-imuadrat over each location where a female had foeen. We
always placed two opposite corners of the quadrat kine between compass-
determined north and south. We followed the same&lsampling protocols used in
previous studies (Gjerdrum et al. 2005, 2008; Hurmgh et al. 2007) to facilitate
comparison. Within each quadrat we estimated theepé cover of each plant species
and bare ground to the nearest percent. We estimatgetation height as the mean
height of the individual plant stem closest to eatthe corners. Thatch height was
measured at the center of the quadrat. All vegetatata were collected during July

and August 2007.
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To assess the habitat available to each femalguartified vegetation
characteristics at a number of random points eiguidle number of points recorded
for that female. We generated random points wighame hectare circle around each
female sparrow’s nest using the AlaskaPak exten&io®. Department of Interior
2002) for ArcView 3.3 (Environmental Systems Reskdnstitute, Redlands,
California). We choose a 1 ha circle based on fipeaximate maximum home range
size of previous estimates of space use by raditstnittered females (Chapter 1).
Random points were located in the field with a GiaB. We discarded and replaced
points that fell outside of the marsh boundary @hiv a permanently flooded area.
None of the random locations overlapped locatiatsaly used by femalesf,
Thomas and Taylor 2006). For analysis we removedi@ration available for each
of two females, due to incomplete recording of vatyen characteristics.

In ArcView, we used true color coastal aerial imgg&niversity of
Connecticut Center for Land Use Education and Rekea

http://www.clear.uconn.edyrocessed over the internet with the ECW plu@=R

Mapper, San Diego, California) to map artificiadamatural water features. We used
the Connecticut Department of Environmental Pradecand Office of Long Island
Sound Programs (1995) Tidal Wetland Coverage ldger&rcView to delineate
marsh boundaries. For all points where vegetatias sampled we calculated the
distance to the nearest marsh edge, artificiahddaad natural channel using the
Nearest Feature Extension v3.8b (Jenness 2004eddes of small water features (<
2 m wide) can be difficult to distinguish from a@rphotos because they are often

obscured with vegetation. For water features <\Ride, therefore, we drew a line
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down the center of the feature. For features >Wide we marked the edges of the
water feature by tracing both boundaries of théutea and measured distance to the

nearest line.

Statistical Analyses

We used a combination of methods to compare halstd by, and available
to, females. We examined the normality of the daiag Shapiro-Wilk normality
tests ¢ = 0.05; Shapiro and Wilk 1965). For each variatdepooled the individual
sparrow’s mean values and conducted two-sided M&hitrey (using the
approximation) ot-tests, as needed, to measure differences betvseehamd
available habitat features. We calculated Cohdri@ohen 1988), a measure of effect
size and the degree of distribution overlap betweshitat variables in used and
available locations. We used Cohed’and traditional p values &f0.8 and 0.05,
respectively, as indication of significance whemearing variable means among
locations used and available to females. A Cohénalue of> 0.8 indicates the two
distributions overlap by less than 50% (Cohen 19B8jt-tests we assumed that both
samples came from populations with equal varianoésss the Folded F statistic (F')
produced by SAS suggested otherwise, where weubeth a correction for unequal
variances (Satterthwaite 1946).

We also used a simple vote count procedure to coarigabitat availability to
habitat used for each female sparrow separatelye&ah individual we conductéd
tests or two-tailed Mann-Whitney tests (usingtthgproximation), if data

significantly deviated from normality, to compahetsites she used to those available
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to her. We then counted the number of females thetecsing significantly more or
less of a given habitat variable. For each variabecounted the number of females
whose mean from occupied locations was greaterssel than the mean for available
habitat. We used sign tests with these numberstertideviation from the expected
ratio of 1:1. For individual variable sign tests eecluded females if both their
locations used or available did not contain anysuesble amount. All statistical

analyses were performed with SAS 9.1 (SAS Institaute Cary, North Carolina).

Model building

To compare locations actually used by female sparto those available to
them we also used an information-theoretic apprgBahnham and Anderson 2002)
to compare models selectagbriori using logistic regression. We based our models
on 1) the results of previous habitat selectiodistifor Saltmarsh Sharp-tailed
Sparrows, 2) our own hypotheses about how theseosygmuse their habitat based on
extensive observation, and 3) a framework desigoeelase apart differences in use
of artificial ditch and natural water channel masgi

From our initial set of candidate models, we usedHosmer and Lemeshow
(1989) goodness-of-fit statistic to ensure that el®evere appropriate to compare
using logistic regression. We were unable to compaodels that resulted in
complete or quasi-separation for some individuafspendix 1). Separation problems
occur when the maximum likelihood algorithm faibsconverge on a single
coefficient estimate, and is often a result of $rs@mple size (Allison 1999). We also

tested for multicollinearity by running all candidanodels as linear regression
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models and calculating variance inflation factdvi®itgomery and Peck 1992). We
used 5.0 as our cutoff for removing variables ti@tsed unacceptably high
multicollinearity.

Due to different sample sizes across individualditted models to each
female sparrow’s data separately (Thomas and T2@06) and then calculated
Akaike’s information criterion (AIC) for each mod@kaike 1973), using the small
sample size correction (AKCHurvich and Tsai 1989). We then summed Ad€ores
for each model across all females and used Akaéights (v)), based oY AIC. to
assess the relative likelihood of each model (Gemtal. 2003; Glenn et al. 2004;
Zielinski et al 2004). Since our best (lowesAIC.score) model received > 90% of
the Akaike weights, we created a weighted averdgam@meter estimates using
parameter estimates for that model from all indreid. For weights, we used the
inverse of the standard error for each individwabmeter estimate (Zielinski et al.
2004) to account for differences in the qualityladse parameter estimates caused by
the unequal amounts of information collected falividuals.

We also compared theAIC. approach for final model section to a much
simpler method of ranking all models for each fear(&om the lowest to highest
AIC.score) and computing a mean ranking for each mateks individuals. In
effect, this gives each individual bird a singleevtor the order of best-fitting models,
regardless of the size of their dataset. We ndtechtimbers of times that a particular
model fell within the confidence seAAIC.< 4.0) of the best model for each

individual.
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RESULTS
Used vs. Available Vegetation

We detected 22 species of salt marsh plants alotafions used by 12
female Saltmarsh Sharp-tailed Sparrows, and ati&i8hed random locations. Five
plant types (Figure 2) constituted the majorityheff vegetation recorded at both used
(77% of all coverage) and available (91% of all@@ge) locationsS. patensS
alterniflora (both tall and short formslp. spicatg andJ. gerardii (Figure 2).
Additional species of plants includéda frutescensLonicera sempervirengnd the
invasive specieB. australis Locations used by five individuals contairfed

australis(n =5,X=5.1 + 1.7 %).

a0.0

450 1 [ Used

40.0 1

. Awailable

35.0 1

30.0 1

25.0 1

Mean %

20.0

15.0 1

10.0 A

5.0 1

= i (short) (tall) o Bare Cther
patens spicata S alernifiors gerardil ground  species

0.0

Figure 2. The mean (+ SE) percent vegetation candrbare ground for 1-ffocations used (n = 170)

and available (n = 168), combined for all twelvenéde sparrows during the postfledging period.

39



Examining each female’s habitat use, relative tatwias available (Figure 3)
showed contrasting resource selection by diffelpéals for five of the twelve
variables tested. Some individuals used microh&b@tantaining disproportionately
high amounts obD. spicataand tallS alterniflora, while others used locations with
disproportionately low amounts. Seventy-five petadrnindividuals were located
closer to the marsh edge than expected based daldedocations, but most
variables did not have such a strong unidirectipadiern of selection. For example,
only twenty-five percent of females used vegetati@at was disproportionately tall,
and that contained relatively high amounts of $alllterniflora and bare ground.
Using sign tests, we detected significant deparftora the 1:1 ratio for mean
vegetation height = 4, p = 0.0386), standard deviation of vegetatielght M = 4,

p = 0.0386), tall forn®. alterniflora (M =5, p = 0.0063), and distance to marsh edge

(M =-4, p=0.0386) (Figure 4).
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o Significantly less mNo difference O Significantly greater

# of females

Figure 3. A comparison of habitat used and avalabifemale sparrows. Bars represent a given
habitat feature compared to number of females titeat locations with significantly greater or kess

amounts of a given habitat feature compared tdahlailocations.

Both sign tests (Figure 4) and two-sided tests @ams (Table 1) detected
broad patterns of habitat use, even though indatidamparisons (Figure 3) showed
apparently opposing patterns of resource selebtyadifferent individuals. A
disproportionate number of females were found edtions with taller vegetation and
greater standard deviation of vegetation heighterBoalterniflora (tall form), and
were located closer to the marsh edge than randoatibns. These results were

generally supported by the two-sided tests, exitegtitdistance to the marsh edge was
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not significantly different from random locatioria.addition, two-sided tests

revealed that females used locations with dispitapmate amounts of bare ground.

@ElJsed mean less BlUsed mean equal OlJsed mean greater

* * * *

12 1

10 ~ —

# of females

Figure 4. Sign tests detected non-random habitafarsmean and standard deviation of vegetation
height, %S. alterniflora (tall form), and proximity to marsh edge. An astieabove the column
denotes a significant departure from the expectédatio if females were using habitat randomly: Fo
some individuals (in red) the mean values for swar@ables were equal to zero for both used and

available sites. Data for these cases were natded in the sign test for those variables.
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Table 1. Two-sided comparisons of the mean varilgvel for individuals between locations used (n =
12) and available (n = 12) using either two-santjpésts or the Mann-Whitney tests where
appropriate. The Cohentsvalues for these four tests were all > 0.8, intiticathat the distributions of

used and available distributions overlapped bytleas 50% (Cohen 1988).

Used Available

Variable SE SE Test Statistic P Cohen’s
value |d|

Mean vegetation 39+5  30+1 t=109.0 0028  0.82

height (cm)

SD of vegetation _

height (o) 19+2 14+1 tp=-2.1  0.048  0.86

Thatch depth (cm) 8+1 6+<1 tp, =-1.51 0.145 0.62

% S. patens 3145  41+5 t,=1.25 0224 051

% D. spicata 7+1 9+3 t,, =059 0564  0.24

. .

% S. alterniflora 8+4 16 +4 t=178.0 0122  0.59

(short form)

%S. alterniflora (tall 59, 5 9943 (,=-308 0005 126

form)

% J. gerardii 442 11+5 t=1685 0278  0.62
% Bare ground 17 +3 7+1 t144=-3.34 0.005 1.36
Distance to nearest 14, 4 q441 t=1650 0411  0.16
ditch (m)

Distance to nearest 45,5 4347  (,,=069 0494 028
channel (m)

Distance tomarsh g5, 15 126415  t,=154 0139  0.63
edge (m)

Female Habitat Model Selection
Model selection using the simple approach of raglith models within each

individual (AAIC.) and computing a mean ranking, compared well éatlethod of
ranking models using all individuals basedAXAIC. (Table 2). Both methods
ranked models similarly (n = 22,= 0.86, p = < 0.0001). The model with the best
mean rank among individuals was the second beséhsetected usingXAIC.. The
best model selected using\lC.was included in the confidence set of modalIC.

< 2.0) for 42% of sparrows.
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Table 2. Comparison of two model ranking proceduisesd to compare a suiteafpriori models in

their ability to separate locations used and alkiElto females Saltmarsh Sharp-tailed Sparrowsgusin
logistic regression: 1) model comparison ABAIC, tabulated from all individuals, and 2) comparison
by ranking models (mean rank) v&IC. within individuals only. For each individual we alaoted

the number of times a particular model was incluidettie confidence sefAIC, < 4.0) for the best
model (# Cl). We based these models on our obsensabf Saltmarsh Sharp-tailed Sparrow habitat
use, and on the hypothesized relationships betiekitat variables measured in our study.

Mean #
Model YAIC, AYAIC, Wi Rank CI
Distance to nearest channel + distance to marsh 3873 0 0.93 73 8
edge
Distance to nearest ditch + distance to marsh edge 392.3 5.1 0.07 6.5 6
S. patens + distance to marsh edge 401.6 14.3 <0.01 8.7 6

Distance to nearest channel + SD of vegetation
height + distance to marsh edge

Distance to nearest ditch + SD of vegetation height +
distance to marsh edge

Bare ground + distance to nearest ditch + S.
alterniflora (tall form) + distance to marsh edge
Distance to nearest channel + S. alterniflora (tall
form)

Bare ground + distance to nearest channel + S.
alterniflora (tall form)

404.6 173 <0.01 93 4

412.1 248 <0.01 102 4

414.2 270 <001 100 3

422.8 355 <0.01 95 4

429.3 420 <0.01 117 3

Bare ground + distance to nearest channel 430.8 43.5 <0.01 111 2
Distance to nearest channel 435.1 478 <0.01 104 3
(Ij)iititr?nce to nearest channel + distance to nearest 443.7 564 <00l 123 2
Distance to nearest channel + S. patens 449.7 624 <001 143 1

Mean vegetation height + bare ground + S.
alterniflora (tall form)

Bare ground + distance to nearest ditch + S.
alterniflora (tall form)

Distance to nearest ditch + S. alterniflora (tall form) 460.9 737 <001 118 2

457.1 69.8 <0.01 128 2

457.5 70.2 <0.01 117 3

Bare ground + S. alterniflora (tall form) 465.0 777 <0.01 104 3
Bare ground + distance to nearest ditch 466.8 79.5 <0.01 109 2
Mean vegetation height 479.1 91.8 <0.01 136 2
Distance to nearest ditch 479.2 92.0 <0.01 123 2
Distance to nearest ditch + S. patens 494.0 106.7 <0.01 148 2
Mean vegetation height + S. patens 497.4 110.2 <0.01 173 1
SD of vegetation height 499.3 1120 <0.01 163 1
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The best model§ = 0.926) discriminating between areas used by fiema
Saltmarsh Sharp-tailed Sparrows and areas avatialiem contained the variables
describing the distance to natural water featunelstiae distance to the marsh edge
(Table 3). Distance to the marsh edge (Figure Bliwed in the 6 models with the
lowestAAIC,, even though it was only included in 8 of 22 (36)4£andidate models.
The second best mod&lAIC. = 5.067,w; = 0.074) was similar to the best model
(Table 2) except that the variable for the distaiocthe nearest natural channel

(Figure 6) was replaced with the distance to trerest artificial ditch (Figure 7).

Table 3. Weighted average parameter estimatestandasd errors of variables appearing in the model
with the lowesfy AIC.. Parameter estimates from each female were weigtitd the inverse of the

standard error of the parameter to adjust for difiees in precision between individuals.

Weighted
Parameter Estimate SE
Intercept 3.78 0.23
Distance to nearest natural channel -0.01 0.02
Distance to marsh edge -0.04 0.01

45



Percent

Percent

10
Locations used

Locations available

0 T T T T T T T _|
0 40 80 120 160 200 240
Distance to marsh edge (m)

Figure 5. The proximity of all female locations dge = 170; top) and available (n = 168; bottom) to
the nearest marsh edge. The variable distanceshnedge occurred in all models with Akaike
weights () > 0.0001. On average, females were located 3®sercto the marsh edge than random

locations available to them (Table 1).
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Figure 6. The proximity of all female locations dge = 170; top) and available (n = 168; bottom) to
the nearest natural water channel. This varialbagawith distance to the marsh edge, composed the

best model explaining female habitat use duringothet-fledging period.
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Figure 7. The proximity of all locations used (170; top) and available (n = 168; bottom) to the
nearest artificial ditch. The second best-suppartedel included this variable along with distanze t

the marsh edge.
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DISCUSSION

Female Saltmarsh Sharp-tailed Sparrows used lotsitiothe postfledging
period that were closer to channels and ditchest@the marsh edge than expected
by chance. Ditches and channels are abundant inohtd®e salt marshes occurring
throughout the range of the Saltmarsh Sharp-t&f@arow, where less than 10% of
marshes remain un-ditched (Bourn and Cottam 198@®.use of artificial and natural
water features by Saltmarsh Sharp-tailed and Se&pdrrowsAmmodramus
maritimug has been noted elsewhere (Woolfenden 1956; Gxeesnhd Rising 1994;
Post and Greenlaw 1994). Post and Greenlaw (2@@@yted that Saltmarsh Sharp-
tailed Sparrows disproportionately used muddy skapools and spent a greater
amount of time foraging by probing or gleaning frdme mud surfaces, including
those of ditch and channel margins, than any ddesting method. Their results
match our observations of frequently flushing spag from the areas around these
water features. If female sparrows are using tkasaadjacent to and within these
water features for their greater foraging valuenttteey may not discriminate between
ditches and channels, even though ditches tend tmivower and have steeper
edges. They may simply be attracted to the amduexpmosed mud and other micro-
habitat components related to ditches and channels.

Saltmarsh Sharp-tailed Sparrow habitat use isylitebe more appropriately
described by a combination of variables and theticiships among them. A
significantly disproportionate number of femaleseviound in locations with
relatively tall vegetation and high standard degrabf vegetation height, and greater

amounts of tall forn& alterniflora and bare ground (Table 1). Individually, these
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habitat components performed poorly in model selactvhich is supported by our
observations of movement behavior and habitat tisparrows. For example, at low
tide river beds offer huge expanses of availablddgisubstrate for foraging, but we
rarely saw sparrows foraging greater than a feweradtom the vegetation lining the
margins of these features. Tallalterniflora juxtaposed with bare ground is
commonly found along the ditch and channel marging, collectively these
conditions may offer additional benefits beyond djéaraging areas.

We offer an addition to the foraging hypothesisdzhupon our data
presented here and on observations of marked thindtlsg the postfledging period.
Tall vegetation and the relative openness of ditath channel margins may serve as a
refuge for recently fledged sparrows, which areblm#o fly when they leave the
nest, and are likely incapable of powered flightiiy the first week after fledging
(Figure 8; JMH personal observation). They are &tdble to predation during this
period, and the tal. alterniflora may mask their movements and position from aerial
predators better than shorter vegetation. The spaxfilargeS. alterniflora stems
(Figure 9) also allows sparrows to move and quicklywithout disturbing the
vegetation (JMH personal observatioBpartina patenstands tend to be quite short
with densely packed stems and birds are forcedhereun on top of these stands or
plow their way through them, which causes the \atget to move and exposes their
presence. Pushing through this dense vegetatiofdwaake moving (especially for
non-flighted fledglings) more energetically chaligrg and it is also much easier to

follow a young bird trying to run through thesersta (JMH personal observation).
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Figure 8. Photo of a wing from a Saltmarsh Shaﬂpd};Sparrow chick nine days after hatching, and
taken approximately 20 hrs before fledging occurféedglings leave the nest on foot before they are

able to undertake powered flight.
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Eé.u-re 9. Representative photSs of tall fd@nalterniflora monocultre stands from éeveral meters
away (left) and up close from ground level (righthese tall stands may offer concealment from
above, provide access to muddy surfaces for pradngggleaning, and individual plant stems are
spaced far enough apart to allow sparrows to quiakt easily chase after prey or run from

disturbance.
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Moving closer to the marsh edge may also be anitapbbehavioral
adaptation to reduce the risk of drowning duriropéliing events. Proximity to the
marsh edge occurred in all models with Akaike wesgh0.0001, and 75% of female
sparrows were generally found at locations sigaiftty closer to the marsh edge than
were random locations. Marshes experience prediéctaly-level flooding with both
daily high tidal events, although the water levethie high marsh during these times
may not be appreciably different. However, marshgserience extensive flooding
every 26-28 days during the lunar cycle and frotnesme weather events that can
submerge extensive portions of the marsh. Floodasglong been noted as an
important cause of nest failure fammodramuspp. (Lewis 1920; Greenberg et al.
2006) sometimes resulting i160% of all nest loss (DeRagon 1988; Gjerdrum et al
2005). Moving towards the relatively higher elegas of the marsh edge perhaps
reduces the probability of fledglings drowning. $bdall stands may also offer
important protection from drowning. We have obsdrledged sparrows clinging to
the top ofS alterniflora (tall form) stands, afloat in the vegetation dgrextreme
flooding events, although most flighted individualsiply move to the marsh edge at
these times (Greenlaw and Rising 1994; JMH persolosrvation).

These telemetry results are particularly strikiegduse, when occurrence
patterns are averaged across the entire breedasgrsefemales are more common
farther from the marsh edge (Gjerdrum et al. 20N@)kts were also more common
further from the marsh edge, and in areas withively abundand. gerardii which
tends to be found at higher elevations. This coatimn of results suggests that

females may place nests away from marsh edgessedelatively high vegetation
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(e.g.,J. gerardiiandS paten$ to minimize both predation from upland predatams
flooding risk. Females may then move towards thesmadge with their fledglings to
take advantage of the higher ground and even grestaced flooding risk once their
young are mobile enough to escape predation anthlisegetation fringing the
marshes.

It is clear that a species’ habitat preferences amwayge with age (Vega
Rivera et al. 1998; Pagen et al. 2000; King e2@06) or even in the presence of
predators (Martin 1988) or competitors (Fretwelll &micas 1970; Diamond 1978).
Berkeley et al. (2007) monitored the movementstaatitat use of fledgling
Dickcissels §piza americana Adult nesting habitat consisted entirely of oest
grasslands, but fledglings also used soybean amdfiedds, other types of
grasslands, and occasionally wetlands. This changabitat use from the nesting to
the post-breeding period has also been report@v@mbirds Seiurus aurocapillp
where fledglings use areas with fewer trees andtgreinderstory density than
nesting sites (King et al. 2006). Similar changebkabitat use between the nesting
and postfledging periods has also been report&doiod Thrush ldylocichla
mustelina Vega Rivera et al. 1998), Botteri’'s Sparrowophila botterij Jones
and Bock 2005), and a number of other migratinggbod species (Pagen et al. 2000;
Marshall et al. 2003). Appropriate habitat managanfier any species should
consider the specific life stage being targetediapagement or conservation actions,
and adjust their goals accordingly.

In conclusion, our study has identified a shifSaltmarsh Sharp-tailed

Sparrow habitat use from the nesting to the patiftey period. Even in a relatively
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simple system with few plant species (BertnessEhsbn 1987), individuals
demonstrated different preferential use of indiaidoabitat components and an
overall pattern of habitat use strikingly differéram that previous described for
Saltmarsh Sharp-tailed Sparrows. We have provideditst explicit postfledging
descriptions of adult female Saltmarsh Sharp-téfpdrrows habitat use. We have
identified a new suite of microhabitat componehts tlescribes postfledging habitat
use as a function of relatively tall and structiyrahried vegetation, relatively close
to the marsh edge, and with relatively greater arwaf bare ground arfl

alterniflora (tall form).
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APPENDIX 1

Individual models that resulted in quasi and/or ptate separation for some
individuals. Separation problems occur when theimar likelihood algorithm fails
to converge on a single coefficient estimate, anaften a result of small sample size
(Allison 1999). Models failing to reach convergeree not appropriate to compare
using logistic regression, since a maximum liketil@stimate does not exist for the

parameter causing separation issues.

Models:

1) D. spicata + SD of vegetation height + thatch depth

2) D. spicatat J. gerardii

3) Bare ground . spicata+ J. gerardii + S. patenst+ S alterniflora (short
form) + S alterniflora (tall form) + thatch depth

4) J. gerardii + S patens

5) Bare ground 1S patenst distance to marsh edge

6) Bare ground + mean vegetation height + distance#west ditch &
alterniflora (tall form) + distance to marsh edge

7) Bare ground + mean vegetation height + distance#west channel &
alterniflora (tall form) + distance to marsh edge

8) Bare ground + distance to nearest ditch alterniflora (tall form) + distance
to marsh edge

9) J. gerardii + distance to marsh edge
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