CHAPTER TEN

Matching Ephemeral Resources on Autumnal
Stopover and the Potential for Mismatch”

Brian J. Olsen, Jennifer D. McCabe, Evan M. Adams,
David P. Grunzel, and Adrienne J. Leppold

Abstract. Climate change can alter the timing of
biological events differently across members of
an ecosystem, changing the nature of ecologi-
cal interactions and the efficacy of evolutionary
strategies. Mismatches in phenology have been
reported between breeding songbirds and their
food resources in north temperate ecosystems,
especially for long-distance migrants and dietary
specialists. Far less attention, however, has been
paid to periods outside the breeding season.
The success of songbird migration, like breed-
ing, should also be determined by the degree of
matching between bird and resource phenolo-
gies. Here, we tested if habitat patch use for song-
birds along the migratory route was predicted by
(@) habitat characteristics that varied throughout
the migration season, (b) static characteristics, or
(c) a combination of the two variable types. We
tested for these patterns in four families of song-
birds that ranged from specialists to generalists
and across four stopover sites along the Gulf of
Maine. Dynamic habitat characteristics alone pre-
dicted patch use in all four families better than
static variables or a combination of dynamic and

static characteristics. Regardless of mean dietary
niche breadth, mist net captures indicated that
all four families shifted their apparent patch use
throughout the season as a function of ripe fruit
abundance, invertebrate biomass, vegetation defo-
liation, and soil moisture. The best predictors of
patch use were different for short- versus long-
distance migrants across the two most commonly
captured families, but all species and migration
strategies were sensitive to phenological changes.
Our results suggest that migratory songbirds assess
patch quality within a stopover site differently
through time. Variation in the timing of stopover
arrival thus results in different habitat selection
behaviors. The potential therefore exists for tim-
ing mismatches that reduce individual fitness. We
recommend that conservationists prioritize stop-
over habitats where landscape-scale phenologi-
cal heterogeneity maintains benefits to migrants
throughout the season.
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emperate ecosystems are dominated by
Tseasonal ephemera. The evolutionary suc-

cess of boreal migratory birds stems in part
from their ability to benefit from high-latitude
summer abundance while avoiding winter scar-
city. Success of migratory birds is dependent upon
a match between the timing of bird behavior and
the local phenology of ecological resources (Lack
1950). The fitness costs of mismatches are readily
apparent on the breeding grounds of many north
temperate species (Moller 1994, Sanz et al. 2003).
Less attention has been paid to the potential
and importance of phenological matching dur-
ing migratory movements and stopover dynam-
ics. Given the substantial energetic requirements
(Berthold 1975, Blem 1980) and mortality risk
experienced by songbirds during the migratory
period (Lack 1968, Alerstam and Hedenstrém
1998, sillett and Holmes 2002), it is reasonable to
hypothesize that phenological mismatch during
migratory stopover is as important as ecological
conditions encountered on the breeding grounds.
Here, we test for the ability of ephemeral versus
static ecological resources to predict bird habitat
use within four autumnal migratory stopover sites
along the US coast of the Gulf of Maine.

THE CASE FOR PHENOLOGICAL
MISMATCH DURING STOPOVER

On the breeding grounds, ecosystem phenology
is a strong determinant of fitness for migratory
birds. The timing of migratory arrival is predicted
by the average timing of resources required for
territory establishment and reproduction (Both
2010a). Migratory behaviors worldwide show
great flexibility in timing (Sokolov et al. 1998,
Marra et al. 2005, Rubolini et al. 2007), likely
due to the gain in fitness achieved by match-
ing interannual variability in local phenology.
When the temporal advance or delay of breed-
ing resources outpaces the behavioral flexibility
of bird species (“mismatch™ Both and Visser
2001; Both 2010a, b), birds can suffer both in
terms of offspring productivity (Meller 1994,
Verboven et al. 2001, Sanz et al. 2003, Both and
Visser 2005, Drent 2006) or long-term species via-
bility (McLaughlin et al. 2002, Both et al. 2006,
Moller et al. 2008). On the European breeding
grounds, dietary specialists—and especially
insectivore specialists—appear more sensitive to
phenological mismatch than dietary generalists
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and long-distance migrants appear more sensitive
than short-distance migrants (Both and Visser
2001, Moussus et al. 2011).

While mismatch with resources at migratory
stopover sites has received less attention, the same
ecological scenario may apply. As with the breed-
ing grounds, arrival of individuals to stopover
locations can be predicted by local environmen-
tal conditions (Hiippop and Hiippop 2003, Marra
et al. 2005) and arrival is broadly timed to the
availability of local food resources (Castro and
Myers 1993, Tsipoura and Burger 1999, Lank et al.
2003, McKinney et al. 2012). Temporal mismatch
can increase fitness costs by negatively impact-
ing refueling rate or increasing stopover dura-
tion (Baker et al. 2004, Balbontin et al. 2009).
For songbirds specifically, migration likely rep-
resents a majority of their annual mortality risk
(Sillett and Holmes 2002, Newton 2007). Thus,
mismatched timing on migratory stopover could
have large consequences for individual fitness and
population viability through its effect on survival,
time spent migrating, and individual condition
upon arrival (Lehikoinen and Sparks 2010).

Detecting Sensitivity for Phenological
Mismatch on Stopover

Intra-annual habitat variation within a stopover
site can be attributed broadly to three sources:
static habitat structure, dynamic habitat struc-
ture, and dynamic food availability. The first
two sources of variation are related to nonfood
resources used by birds during migratory stop-
over. Static and dynamic habitat structures pro-
vide protection from predators and inclement
climatic conditions, but may also provide coarse
habitat cues for migrating birds unfamiliar with a
specific locale. The first source of spatial variation,
“static habitat structure,” is unchanging through-
out the migration season. This source of varia-
tion differentiates habitat patches with different
plant communities such as tree- versus shrub-
dominated patches or patches dominated by one
shrub species over another. The second source of
variation, “dynamic habitat structure,” changes
through time by plant defoliation, varying soil
moisture throughout the migration season, or
other processes. Food resources can be both static
and dynamic, but for migratory species in north
temperate ecosystems, food availability at the
prey—species scale is almost exclusively dynamic.
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Few plant species produce fruit or seeds continu-
ously and few invertebrate species are consistently
available for bird predation throughout the migra-
tion season. Further, the distributions of dynamic
resources have predicted small-scale habitat selec-
tion for a few songbird species during the post-
fledging period or autumnal migration (Tietz and
Johnson 2007, Streby et al. 2011).

In this study, we investigated the potential
for phenological mismatches to occur during
migration by evaluating habitat selection within
a stopover site. Specifically, we tested whether
birds selected habitat patches based on static or
dynamic characteristics. Temporally variable
habitat use with selection for different patches at
different points within a migratory season deter-
mines a taxon’s risk for phenological mismatch.
Taxa with temporally variable habitat use within
a stopover site clearly show behavioral plasticity
in the face of resource change. Behavioral plas-
ticity itself should prevent birds from choosing
a patch without adequate resources and should
buffer a species from climate-change-induced
resource fluctuations at a site. For taxa to be at risk
of phenological mismatch, they must first match
habitat use to local resource variability. Matching
can become mismatched if there is a threshold
beyond which behavioral plasticity can no lon-
ger adjust to temporal variation at breeding or
nonbreeding sites. If matching during temporally
dynamic patch use is symptomatic of behavioral
plasticity at one level of temporal variability, it
can also be symptomatic of a threshold in habi-
tat variability beyond which reaction norms can-
not continue to maintain benefits to individuals
and lead to a mismatch. In this study, we meas-
ured matching among patches within a stopover
site as small-scale patch selection (Hutto 1985).
Temporal dynamics could also be at play at larger
regional or subcontinental scales, especially if the
relative quality of different migratory routes var-
ies across the migration season.

Here, we examine variation in the within-
stopover site, among-patch habitat use for four
families of migratory songbird. We chose families
that vary in their mean dietary niche breadth and
possess species with varying migration distances,
because these characteristics predict sensitiv-
ity to mismatch on the breeding grounds (Both
and Visser 2001, Moussus et al. 2011). Our study
taxa included sparrows that were generalists with
a granivore to invertivore diet (F. Emberizidae,

n = 7 species); vireos (F. Vireonidae, n = 3) and
warblers (F. Parulidae, n = 19), which were gen-
eralists with a frugivore to invertivore diet; and
flycatchers (F. Tyrannidae, n = 5) as an inverti-
vore specialist family (but see Parrish 1997 and
Suomala et al. 2010). For each of these four fami-
lies of birds, we tested (a) whether among-patch
variability in habitat use was best predicted by
static habitat structure, dynamic habitat structure,
dynamic food availability, or any linear combina-
tion of those three sources of patch variation; and
(b) whether these patterns varied for long- versus
short-distance migrants within families.

METHODS
Study Area and Sampling Design

We gathered habitat-characteristic and bird-
habitat-use data from 30 August to 18 October
2011 at four migratory stopover sites along the
Gulf of Maine, where the dominant plant commu-
nity type transitions from the northern hardwood
to boreal forests. The period of observation cov-
ered the peak abundance of all groups of migra-
tory songbirds in our region, although it did miss
the beginning of migration for warblers and the
end of migration for sparrows. By not sampling
outside this temporal window, we lowered the
probability that preferred habitats would be unoc-
cupied merely due to low numbers of individuals.

Study sites included the two small islands of
Great Duck Island (105 ha) and Metinic Island
(130 ha), the southern headland of Mount Desert
Island (280 km?), and the narrow peninsular
headland of Petit Manan Point. The four sites are
located in a series along a southwest to north-
east transect. Metinic Island is the southwest site,
Mount Desert Island and Great Duck Island were
10 km apart and 76 km to the northeast of Metinic,
and Petit Manan Point was located 40 km farther
to the northeast. Within each site, we measured
bird use using mist net captures in habitats domi-
nated by shrubs (Alder, Aronia, Sorbus, and Ilex spp.)
or trees (mainly Picea spp., with Abies, Larix, Betula,
Acer, and Populus spp.).

Ateachssite, we defined a series of habitat patches
that were centered on paired pitfall and hanging
invertebrate traps placed in shrubs. Number of
habitat patches per site ranged from one (Great
Duck) to seven (Metinic) to eight (Mount Desert
and Petit Manan) patches. We defined patches as
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the 25-m radius circle around each invertebrate
collection location and sampled these patches
with one to six mist nets placed randomly with
regard to the traps. Each patch was centered on
one or more shrubs, but varied in the plant com-
munity across the 1.7-ha patch. Our study design
standardized comparisons of invertebrate com-
munities by sampling species only within shrub
habitats and by allowing patches to vary in both
static and dynamic habitat structure.

Quantifying Habitat Structure and Bird Use

We quantified habitat structure along two
4-m-wide belt transects along each side of the
mist nets and averaged values across all nets
within each habitat patch. Static habitat struc-
ture was then defined at the end of the migration
season (October) with seven metrics: the mean,
per-meter woody stem density along the center of
the belt transects; the relative cover of each plant
species for the shrub, tree, and herbaceous struc-
tural layers; and both the layer-specific maximum
vegetation height and the modal vegetation height
across all vegetative layers at each third meter
along the 12-m-long transects. Relative cover
was assessed based on either woody tissues only
(shrub and tree layers) or final size at the end of
the summer growing season (herbaceous layer).
While the herbaceous layer is more dynamic than
the woody structural layers in our temperate eco-
system, our single end-season measure of cover is
an index for community type and does not cap-
ture the small dynamic changes in the cover of
this structural layer from August to October.

We calculated the first principal components for
both the relative cover measures (hereafter “cover-
PC”) and vegetative heights (hereafter “height-
PC™), which accounted for 41% and 63% of the
variance in each of the two sets of measurements,
respectively. Cover-PC represents an ecological
gradient from a plant community dominated by
dense shrubs over a forb- and litter-dominated
ground layer (low values are shrub habitat) to a
more forested community with a grass-dominated
ground layer and little shrub understory (high
values are woodland habitat). The height-PC cap-
tures the different heights possible within each of
these community types. Low values indicated a
tall shrub and herbaceous layers with short trees,
whereas high values indicated a short shrub and
herbaceous layer with a canopy of tall trees.
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We assessed dynamic habitat structure and food
availability throughout the observed migratory
period. Soil moisture, leaf greenness, and fruit
availability were measured weekly along the two
belt transects near each mist net. Soil moisture
was identified as one of four categories (dry, moist
but not saturated, saturated, and standing water);
leaf’ greenness was measured as the percentage
of leaves in four categories (>90% green, <90%
green and <50% brown, >50% brown, and bare
stems) separately for the shrub and tree structural
layers, and fruit availability was measured as the
relative abundance of all ripe fruit in eight broad
categories (Smith and McWilliams 2009). We
excluded plants in the genus Myrica due to unpalat-
ability of fruit for our study species of birds (Place
and Stiles 1992). We calculated a single weighted
average for each of these three dynamic habitat
variables per transect. We multiplied the num-
ber of samples in each category by the median
value of each category’s range and then summed
these products. Number of samples included the
percentage of leaves or fruiting plants or the raw
number of soil samples. High values of the indi-
ces indicated more saturated soils, green leaves,
or ripe fruits. We then calculated single values for
each habitat patch by averaging the transect values
within the patch.

We captured invertebrates using pitfall traps
placed under shrubs and yellow cup traps hanging
in shrubs at the center of each patch. All traps were
filled with soapy water and deployed for 4 days at
a time, and the resulting dried biomass of cap-
tured invertebrates was used as an index of avail-
ability for the habitat patch for the period from
2 days prior to 2 days subsequent to each sam-
pling period of 8 days. We only operated inver-
tebrate traps during periods without significant
precipitation (<1 c¢m) to avoid collection bias due
to water-filled traps. The periods of the migration
cycle for which we have data, therefore, possessed
more similar weather conditions than occur over
the entire season, and we also avoided migrant
“fall-out” conditions associated with rain events.

To assess the other dynamic habitat variables on
a similar time frame, we interpolated the mean
soil moisture, leaf greening, and fruit abundance
variables for the median day of invertebrate
sampling by assuming that the other dynamic
variables changed linearly between weekly assess-
ments. If soil moisture had been assessed during
the middle of the invertebrate sampling period,
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then the patch was given that value for the entire
period, but if soil moisture had been assessed on
the first and eighth days of the invertebrate sam-
pling period, then the patch was assigned the soil
moisture value halfway between the two samples.

We operated mist nets in suitable capture condi-
tions and closed nets if temperatures were outside
the range of 0°C-27°C, if winds were >20 km per
hour, or if precipitation or fog was heavy enough
for water to collect on the nets. Nets were moni-
tored within each patch from 30 minutes before
sunrise for 6 hours or until conditions dete-
riorated. Most species of birds captured in mist
nets were from one of four families (Parulidae,
Emberizidae, Vireonidae, and Tyrannidae), and
we summed number of captures daily within
each habitat patch (Table 10.1). We did not include
Yellow-rumped Warblers (Setophaga coronata) to
avoid overrepresentation within warblers (>66%
of all warbler captures) and their preference for
Myrica fruits, which were not included in our sur-
veys of fruit abundance (Place and Stiles 1992,
Borgmann et al. 2004).

Statistical Analysis

To test for the ability of dynamic and static habi-
tat characteristics to predict bird habitat use,
we developed a series of repeated-measures,
negative-binomial, generalized linear models
(Proc Genmod, SAS 9.2). We repeatedly measured
daily captures in 24 habitat patches through time
(366 patch-days) and used the negative binomial
distribution to account for overdispersion and zero
inflation in our capture data. All models included
the effects of capture effort (total net hours per
meters of net), stopover site (to account for site-
specific capture probabilities), taxonomic family
(to account for family-specific capture probabili-
ties), and both linear and quadratic terms for the
calendar day of capture nested within taxonomic
family. Exploratory analysis showed that the
8-day moving averages of capture rate across all
sites exhibited a quadratic relationship with Julian
date nested with taxonomic family (linear term:
F,s=63.9, P <0.0001; quadratic term: F, ; = 64.0,
P < 0.0001). By estimating a quadratic relationship
for each family, we controlled for the broad sea-
sonal phenology of migration within each fam-
ily and thus availability to occupy patches within
each site as a function of regional abundance.

We considered eight candidate variables nested
within taxonomic family of birds in three cat-
egories: static habitat structure (stem density,
cover-PC, and height-PC), dynamic habitat struc-
ture (soil moisture, shrub-layer leaf greenness,
and tree-layer leaf greenness), and dynamic food
availability (ripe fruit abundance and invertebrate
biomass). We also included a quadratic term for
stem density to test the possibility that interme-
diate values of density might be preferred by a
given bird taxon. We considered quadratic terms
for the remaining variables, but quadratic pat-
terns were not supported by initial data explo-
ration, and we dropped these terms to simplify
our models. We scaled all of our candidate vari-
ables by dividing them by the mean value of each
measurement across all sites and habitat patches.
Likewise, we scaled our capture rates by divid-
ing each daily capture total by the mean daily
capture total for that taxonomic family across all
sites. The adjustments allowed for direct compari-
son of parameter estimates among our candidate
variables and predicted capture rates among our
taxonomic families.

We then created eight separate models, including:

1. Three models that each used only the static
habitat structure variables, the dynamic
habitat structure variables, or the dynamic
food availability variables

2. Three models that included the pair-
wise combinations of the three variable
categories

3. The full model with all of the static and
dynamic variables

4. The null model with just the five covariates

Final model selection used the quasi-likelihood
under the independence model criterion cor-
rected for parsimony (QICu; Pan 2001, Hardin
and Hilbe 2007). We considered models with
AQICu < 2.0 as equivalent.

To test for the sensitivity of the final model to
the migration distance of a species, we performed
a phylogenetically controlled contrast by estimat-
ing the top model parameters for both a long-
distance and short-distance migrant group within
each family. We assessed relative migratory dis-
tance by first measuring the latitudinal distance
between the centers of the breeding and non-
breeding ranges for each species (Erickson et al.
2011). We then classified each species within the
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TABLE10.1
Total individuals captured and temporal range of capture (in calendar days) for four migratory stopover sites
along the Gulf of Maine during the Fall of 2011.

Individuals First Median Last Migration
Taxon captured detection detection detection distance
Tyrannidae

Eastern Phoebe 9 270 270 270

Least Flycatcher 8 242 250 250

Traill’s (Alder or Willow) Flycatcher 45 242 244 268
Yellow-breasted Flycatcher 8 244 2445 268

Vireonidae

Blue-headed Vireo 25 268 269.5 290

Philadelphia Vireo 4 268 269 269

Red-eyed Vireo 187 242 268 284

Parulidae
American Redstart 87 242 244 291 Long
Black-and-white Warbler 16 245 258 270 Long
Black-throated Blue Warbler 14 243 270 271 Short
Black-throated Green Warbler 12 243 257.5 271 Long
Blackpoll Warbler 172 244 269 276 Long
Canada Warbler 5 244 244 244 Long
Cape May Warbler 6 245 246 247 Short
Common Yellowthroat 261 242 247 284 Short
Connecticut Warbler 6 268 272 276 Long
MacGillivray’s Warbler 3 271 271 271 Short
Magnolia Warbler 28 244 268 271 Short
Mourning Warbler 3 242 242 244 Long
Nashville Warbler 29 242 269 290 Short
Northern Parula 30 242 269 274 Short
Northern Waterthrush 45 242 244 270 Long
Palm Warbler 52 242 269 284 Short
Wilson’s Warbler 48 242 245 269 Long
Yellow Warbler 40 244 244 269 Long
Yellow-breasted Chat 11 269 269 274 Long
Emberizidae

Chipping Sparrow 6 246 268.5 291 Long
Dark-eyed Junco 16 268 284 290 Short
Field Sparrow 6 292 292 292 Short
Lincoln’s Sparrow 21 268 270 291 Long
Savannah Sparrow 23 242 270 271 Long
Song Sparrow 73 245 250 292 Short
Swamp Sparrow 42 245 272 284 Long
White-throated Sparrow 68 243 270 284 Short
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warblers and sparrows as migrating either less or
farther than the median migration distance for the
family (Table 10.1). The final generalized linear
model took the same form as the top-performing
model, but included only captures of warblers and
sparrows. We were unable to explore the effect of
relative migratory distance on patch use for vir-
eos and flycatchers due to a low number of cap-
tures among species in the short-distance category
(flycatchers: n = 17, vireos: n = 29, Table 10.1).

RESULTS

Over 429 patch-capture days across 24 habitat
patches and four sites, we captured 1,678 birds of
34 species in four different families: flycatchers
(F. Tyrannidae), vireos (F. Vireonidae), warblers
(F. Parulidae), and sparrows (F. Emberizidae,
Table 10.1). Daily patch capture totals varied
widely through the season by family (Figure 10.1).

Relative Patch Characteristics
Vary in Space and Time

Static habitat variation among patches was greater
than variation in the mean dynamic variable val-
ues among patches (Table 10.2). We transformed
both principal components by adding one to
make the mean one instead of zero and compared
coefficients of variation for all patches. Height-PC
ranged from 2.02 times higher (fruit abundance)
to 12.8 times higher (shrub leaf greenness)
than the dynamic variables (mean = 6.4 times
higher). Similarly, cover-PC was more variable
among patches than the dynamic variables, rang-
ing from 1.90 to 12.0 times higher (mean = 6.0
times higher). Variation of the dynamic patch
variables, however, was as high within patches
versus among patches, indicating that patches
did not change together in parallel through the
season (Table 10.2). Mean within-patch variation
ranged from 0.26 (tree leaf greenness) to 1.73
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Figure 10.1. Patch capture rate (corrected for effort) variability through time for three migratory stopover sites:
(a) Metinic Island, (b) Petit Manan Point, and (c) Mount Desert Island. Each point indicates the numbered patch (the num-
ber of patches ranges from eight to nine depending on the site, and number designation within each site is irrespective of

patch characteristics) that achieved the highest daily capture rate (corrected for effort) at that site. Vertical lines indicate

days when multiple patches achieved the highest daily capture rate, and horizontal lines indicate periods where one patch

maintained the highest capture rate through time. The solid lines connect points indicating patches with the highest cap-

ture rate for warblers, the dotted lines for sparrows, and the dashed lines for vireos.
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TABLE 10.2
Coefficients of variation for patch habitat characteristics
habitat variable.

Among Within

patches patches
Ripe fruit availability 0.959 0.856
Invertebrate biomass 0.959 0.576
Tree leaf greenness 0.794 0.171
Shrub leaf greenness 0.151 0.261
Soil moisture 0.154 0.202
Height-PC 1.938
Cover-PC 1.819

(ripe fruit abundance) times that of among-patch
variation (mean = 0.85). Shrub leaf greenness and
soil moisture exhibited more within-patch than
among-patch variation, while the remaining vari-
ables exhibited more among-patch than within-
patch variation.

Our top-ranked model predicting family-
specific variation in apparent habitat patch use
included only the dynamic variables of struc-
ture and food (w; = 0.95), controlling for capture
effort, stopover site differences, and family-
specific migration phenology (Table 10.3). This
model strongly outperformed the next best model,
which also included the static habitat structure
(AQICu = 5.9, w;, = 0.05) and the null model
(AQICu = 997.6, w; < 0.0001).

Within the top model we found significant
effects of fruit availability (> = 15.4, P = 0.004),
invertebrate biomass (> = 11.3, P = 0.02), shrub
leaf’ greenness (¥ = 10.6, P = 0.03), tree leaf
greenness (x> = 15.7, P = 0.003), and soil mois-
ture ()* = 19.6, P = 0.0006). These patterns, how-
ever, varied by taxonomic family (Figure 10.2).
Fruit abundance increased capture rates simi-
larly for warblers (3 £ SE = 0.42 + 0.09, Z = 4.5,
P < 0.0001), sparrows (0.37 * 0.12, Z = 3.2,
P = 0.001), and vireos (0.30 * 0.12, Z = 2.5,
P = 0.01), but was not related to captures of fly-
catchers (Z=-0.29, P = 0.77). Invertebrate biomass
had a negative effect on capture rates of flycatch-
ers (B + SE = —0.35 + 0.12, Z = —3.0, P = 0.003)
and vireos (—0.28 £ 0.10, Z = 3.0, P = 0.003),
but no effect on warblers (Z = —0.6, P = 0.58) or
sparrows (Z = 1.3, P = 0.20). Shrub leaf green-
ness was negatively related to captures of sparrow
(B£SE=-1331049,Z=-2.7 P=0.007) and
flycatchers (—1.41 £ 0.64, Z = —2.2, P = 0.03), but
showed nonsignificant trends with captures of
warblers (Z = —1.8, P = 0.07) and vireos (Z = 1.9,
P = 0.06). Tree leaf greenness was positively
related to captures of sparrows (B £ SE = 0.55 +
0.16,Z=3.4,P=0.0006) and vireos (1.05 = 0.28,
Z = 3.7, P = 0.0002), but had no effect on cap-
tures of warblers (Z = 1.8, P = 0.07) or flycatchers
(Z = 1.0, P = 0.34). Captures of sparrows (B £
SE =240+ 048, Z = 5.0, P < 0.0001), warblers
(1.30 £ 0.29, Z = 4.5, P < 0.0001), and vireos (B
+ SE = 1.63 £ 0.69, Z = 2.4, P = 0.02) were all

TABLE10.3
Model selection based on QICu for eight models predicting apparent
habitat patch use as a function of different combinations of dynamic food
availability,® static habitat structure,® and dynamic habitat structure®.

Model QICu AQICu W,
Dynamic structure + dynamic food — 848.8 0.0 0.95
Dynamic structure + static 854.7 5.9 0.05
structure + dynamic food
Dynamic + static structure 872.6 23.8 <0.0001
Static structure + dynamic food 913.4 64.6 <0.0001
Dynamic food 914.1 65.4  <0.0001
Dynamic structure 968.3 119.5 <0.0001
Static structure 974.3 125.5 <0.0001
Null model 997.6 148.8 <0.0001

2 Fruit abundance and invertebrate biomass.

b Vegetation height, vegetative cover, and stem density.

© Leaf greenness and soil moisture.
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strongly positively related to soil moisture, but
there was no relationship for this variable with
captures of flycatchers (Z = —-0.9, P = 0.35).
Controlling for these dynamic resource effects,
there were no significant differences in site use
(O¢ = 6.5, P = 0.09).

Dynamic Habitat Importance
Varies by Migration Distance

The preceding patterns varied within sparrows
and warblers as a function of migration distance.
Habitat use of long- and short-distance migrants
was predicted by dynamic habitat attributes.
Habitat use by long-distance migratory warblers
(11 species) was explained only by variation in
invertebrate biomass (B £ SE = —0.18 £ 0.08,
Z = 2.3, P = 0.02). Habitat use by short-distance
migratory warblers (eight species) was explained
by fruit abundance (§ £ SE = 0.46 £ 0.09, Z = 5.3,
P < 0.0001), shrub leaf greenness (—1.30 = 0.50,
Z = =27, P = 0.008), and soil moisture (1.84 *
0.33,Z = 6.3, P < 0.0001), but not by invertebrate
biomass (Z =—0.3, P = 0.76).

Among sparrows, all patterns of habitat use
were similar for both short- (four species) and
long- (four species) distance migrants. Both
groups preferred to use patches with higher fruit
abundance (long-distance migrants: 3 + SE = 0.48
+0.15,Z= 3.3, P = 0.001; short-distance migrants:
0.30 £ 0.10, Z = 3.0, P = 0.003) and patches with
wetter soils (long-distance: 3.13 + 0.76, Z = 4.1,
P < 0.0001; short-distance: 2.20 + 0.35, Z = 6.3,
P < 0.0001). Similarly, both groups preferred to
use patches with more shrub defoliation (long-
distance: f £ SE = 1.38 £ 0.60, Z =-2.3, P = 0.02;
short-distance: —1.30 + 0.50, Z = -2.6, P = 0.009)
but less tree defoliation (long-distance: 0.39 +
0.19,Z = 2.1, P = 0.04; short-distance: 0.91 £ 0.18,
Z = 5.1, P < 0.0001). Neither group, however,
altered patch use as a function of insect biomass
(long-distance: Z = 0.7, P = 0.48; short-distance:
Z=15P=0.14).

DISCUSSION

Apparent habitat patch use during autumnal
migratory stopover was best explained by the
variation in local resources. The model with
these dynamic predictors outperformed models
that included either static patch differences alone
(such as woody vegetation structure and height)
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or a combination of both static and dynamic habi-
tat characteristics.

All four common families of North American
songbirds were sensitive to dynamic resource
changes in fruit abundance and invertebrate bio-
mass (although direction of relationships varied),
as well as soil moisture and leaf cover, and shifted
their use to different patches throughout the
migratory cycle at each stopover site (Figure 10.1).
Thus, songbirds within each family with similar
or identical ecological requirements ranked the
quality of available migratory stopover patches
differently as autumn progressed. Patch quality
ranking, assessed by capture rates, would have
remained stable within a given stopover site if
high-quality patches consistently outproduced
low-quality patches, or if dietary niches were
broad enough to allow songbirds to meet their
energetic requirements in different habitats. We
can reject both of these alternatives. At a larger
scale, our results suggest that the costs and ben-
efits of a given stopover site may be temporally
dynamic and that songbirds should maximize
their fitness by timing their passage to match
peak periods of stopover site quality. If the local
phenology of fruiting and invertebrate abun-
dance outpaces the plasticity of migrants to find
adequate patches within a site, mismatches are
possible that will alter the costs of migration, the
relative fitness of individuals, and local popula-
tion dynamics.

The Relative Taxonomic Sensitivity
to Dynamic Resources

Habitat use by all four taxonomic families was
predicted significantly by both food and nonfood
resources, although the strength of relationships
within each family varied. Not surprisingly, the
importance of different food resources varied
by dietary niche. Fruit abundance was posi-
tively related to apparent patch use by all but the
most specialist invertivore family (flycatchers).
Invertebrate biomass, on the other hand, was
inversely related to apparent patch use for fly-
catchers and more generalist invertivores (vireos
and long-distance migratory warblers), but had
no effect on stopover dynamics of two groups
with diets of seeds or larger fruits (short-distance
migratory warblers and sparrows). Nonfood
resources were also successful in predicting appar-
ent patch use across all taxonomic families—but,
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again, the patterns for each family were variable
(Figure 10.2).

Nonfood resources exerted a larger effect on
apparent patch use than food resources for all
taxonomic families. Changes in capture rate for
a given change in soil moisture and shrub or
tree greenness were two to three times higher
on average than a similar change in either of the
food resources. Shrub leaf greenness and soil
moisture were unusual as the only two variables
where within-patch variation was greater than
among-patch variation. Thus, even among the
dynamic variables, the two variables that exhib-
ited the greatest within-patch variation exhibited
the strongest effect on bird patch use. It is clear,
therefore, that the efficacy of these variables is not
due simply to their ability to differentiate among
patches within stopover sites.

In post hoc phylogenetic contrasts, habitat patch
use was predicted by different dynamic variables
for the long- versus short-distance species of
migratory warblers. Patch use for long-distance
migrants was related strictly to invertebrate bio-
mass, which is not surprising since these species
tend to rely on more invertebrate prey. Patch use
for short-distance migrants was predicted by fruit
abundance and nonfood resources. There were no
apparent differences among sparrows that were
comparable to the warblers, and both sparrow
migratory groups behaved similarly to the short-
distance warbler migrants. The range of migration
distances was smaller among sparrows relative to
warblers (median migration distance is 3.1 times
farther for warblers), and there may not have been
enough of a difference between long- and short-
distance migrants to alter overall stopover strategy
of sparrows. Our observation that habitat patch
use in the shortest distance warbler migrants was
similar to sparrows suggests that habitat patch
use may be more similar among species with
more similar migratory distances. More families
would need investigation to support the general-
ity of this conclusion. Patch use was predicted by
dynamic habitat resources for all of the migratory
groups, but we found no support for the increased
sensitivity of any group over another, as has been
shown among breeding birds in Europe (Both
and Visser 2001, Moussus et al. 2011).

Overall, the temporal dynamics of both food
and nonfood resources predicted apparent patch
use, regardless of variation in the breadth of the
dietary niche or migratory distance. All of the

taxa we examined shifted apparent habitat use
among patches throughout the migration sea-
son, thereby exhibiting behavioral plasticity to
changing ecological condition within each site.
Plasticity suggests that species benefit from phe-
nological matching and will thus likely exhibit
mismatches if temporal variability outpaces their
capacity for change.

Alternative Explanations

It is unclear whether any of the specific associa-
tions we report here are truly causal or whether
temporal variation in these food resources is
merely correlated with an unmeasured dynamic
resource. Given the negative relationship between
invertebrate biomass and apparent patch use by
flycatchers and warblers (long-distance migrants
only), we suspect the latter explanation. Our
invertebrate collection methods were biased
against flying insects and may reflect community
trade-offs among different guilds of invertebrates,
although many other such linkages are possible.
The unexpected patterns are unlikely to be due to
association among our predictor variables, given
their weak relationships to each other (range in
r* = 0.002 — 0.13; mean = 0.06).

Tree leaf greenness was positively associ-
ated with sparrow patch use, and conifer forests
received the highest greenness scores later in the
season when migratory sparrows were passing
through our region. A strong association between
sparrows and evergreen tree habitats could
explain the pattern. The same cannot be said for
shrub leaf greenness scores, however, as our study
sites possessed no evergreen shrub species. Rare
evergreen saplings were included in this layer, but
the shrub layer of every patch was heavily domi-
nated by deciduous shrubs.

Despite a lack of evidence that the measured
dynamic resources were the habitat characteris-
tics under selection by migrants, we maintain that
either they are under selection or they represent an
unmeasured dynamic resource. One alternative,
however, is that dynamic resources performed
better because migration stopover behaviors
are themselves dynamic for numerous reasons
unrelated to stopover site phenology, including
weather, habitat quality on previous stopover sites,
point of origin, and breeding season dynamics.
We think bias is unlikely for two reasons:
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1. All of our dynamic variables were averaged
over 8-day periods. While capture rates of
individual taxa can vary dramatically from
day to day at a given site, our averaged
dynamic habitat variables are unlikely to
track the daily dynamics of migrant arrival.

2. We only used bird capture data during
periods without significant precipitation
because our insect collection methods
precluded otherwise. Our results do not
include periods with environmental con-
ditions that cause migratory “fall-outs,”
when stopover site use can be over an
order of magnitude higher than normal,
and captures on a single day could bias an
8-day average.

Our scale of inquiry among families could be
obscuring considerable variation in species- or
population-level dynamics. Averaging should be
more likely to decrease the importance of dynamic
resources because within-family niche variation
should allow different species to use a given patch
for a longer period of time than a single species.
We would thus predict that a species-level inves-
tigation would have shown greater sensitivity to
dynamic resources than what we have shown here
with taxonomic families. Two of our study fami-
lies (Tyrannidae and Vireonidae) were heavily
weighted by the capture rates of a single species
or species complex and may perform similarly to
results for individual species.

Taxonomic families would not obscure the
importance of dynamic resources, however, if
species within a family possessed distinct niches
and migrated through a site at distinct times. What
we have interpreted as differential patch use in the
face of dynamic resources could simply be differ-
ent niches within a family being replaced by each
other over time. Given the large overlap in passage
times of species within each family, however, we
do not think this explanation is likely (Table 10.1).
More detailed exploration into species-specific
niches relative to passage time would be required
to test this explanation.

The general patterns reported here, while rep-
licated across four stopover sites within four taxo-
nomic families, represent phenological variation
within a single year. The specific relationships may
vary with climatic conditions across years. Our pri-
mary conclusion—that songbirds match habitat use
to temporally variable resources and therefore could
experience phenological mismatch—remains even
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if the matching we demonstrate here occurs only in
some years. The long-standing questions are related
to biological relevancy: whether future phenologi-
cal changes in this region will result in a higher
probability of mismatch and what degree of fitness
consequences such mismatches might cause.

Incorporating Timing into Habitat
Selection Theory

The current paradigm for habitat selection in migra-
tory birds describes a hierarchical process where
individuals must first select flyway, then region,
then habitat patch (sensu Johnson 1980, Hutto 1985),
but this approach is focused on spatial and not tem-
poral scales. Timing of migration in birds has been
well studied, but the objectives and conclusions of
most studies have been largely removed from our
understanding of habitat selection. We hope that
our results here will suggest that the field needs a
more formal inclusion of timing into our under-
standing of habitat selection in migratory animals.

Timing decisions certainly have the potential
to influence habitat selection at almost any spatial
scale. For instance, departure time (or even more
broadly, departure season) can determine the
broad route of migration (Cooke 1910, Myers et al.
1990, Delmore et al. 2012) or patterns of stopover
timing (O'Reilly and Wingfield 1995). Our work
here suggests that timing may also be important
at the spatial scale of a stopover site. More empiri-
cal research is needed to understand how timing
modifies the traditional hierarchical habitat selec-
tion model. It is widely recognized that habitat
selection can influence the speed and timing of
migration (Lehikoinen and Sparks 2010), but our
work suggests that the timing of migration also
may affect which local habitats are selected.

CONCLUSIONS

Across the four most common songbird families
that migrate along the Gulf of Maine during the
autumn, patterns of habitat patch use within stop-
over sites varied through time. The importance
of particular patches to a group of birds varied
through the migration season, and patch use was
predicted better by within-season changes in
invertebrate and fruit availability, soil moisture,
and leaf greenness than by habitat characteristics
that varied only spatially and not temporally. Our
results suggest that songbirds may be sensitive to
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changes in the resource phenology of stopover
sites in ways that are similar to recently discov-
ered sensitivities to breeding resources. Future
research should explicitly test for the popula-
tion and evolutionary implications of mismatch
between migratory timing and stopover resource
phenology. Further, the within-season variability
in stopover site quality should be considered when
making conservation priorities. Successful conser-
vation actions may need to protect patches or net-
works of patches that maintain sufficiently high
habitat quality throughout the migratory season.
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