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Long-term Declines of Autumn Fat Scores in Migrating 
Passerines of Coastal Maine
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Abstract - Long- and short-distance migratory songbirds acquire fat during migratory 
flights at stopover sites. With phenological shifts mediated by climate change, alterations 
in food abundance or peak timing could disrupt historical patterns of this fat storage and 
therefore migration ecology. Furthermore, these potential disruptions may vary by dietary 
guild and species, affecting birds that rely on plant matter and animal matter differently. 
Using data collected at a fall-migration stopover in coastal Maine from 2011 to 2024, 
we investigated patterns of fat acquisition in omnivorous, insectivorous, and frugivorous 
migratory songbirds. By guild, fat storage declined significantly in insectivores and om-
nivores, but not frugivores over the 13-year study. Annually, fat storage declined by 44% 
and 18% in insectivores and omnivores, respectively, over the study period. The overall 
decrease in acquired fat over time suggests that some species, particularly insectivores, are 
less able to accumulate fat for migration at this stopover site in southern Maine.

Introduction

 Migrating songbirds actively minimize the time they spend on migration and 
speed up migration along the route (Lindstrom and Alerstam 1992). Instead of 
maintaining consistent levels of fat throughout the year, long- and short-distance 
migratory songbirds accumulate fat shortly before migratory flights (Cornelius et 
al. 2021). As a result, birds with larger fat stores more reliably fly in their seasonally 
appropriate migration direction (Schmaljohann and Naef-Daenzer 2011) and leave 
stopover sites quicker (Goymann et al. 2010) than birds with lower fat stores. Of 
all the body-condition factors tested in migratory songbirds, fat scores may be the 
most relevant to understanding migratory behavior (Covino et al. 2011). 
 While fat accumulation is key to migratory success, patterns of fat accumulation 
may vary based on species diet. Diet affects the rate of mass gain during migra-
tory stopover (Bairlein and Gwinner 1994); the extent of frugivory is positively 
correlated with fat reserves, which suggests that frugivores may gain mass more 
efficiently than insectivores (Parrish 1997). However, benefits associated with 
eating fruit may be tempered by migration strategy, where the stricter body con-
dition requirements of long-distance migrants may benefit from a fruit diet more 
than short-distance migrants (Carter et al. 2024). Relatedly, Jenni-Eiermann and 
Jenni (2025) found that frugivores and long-distance nocturnal migrants made the 
most efficient use of their fat stores, indicating that some birds may use their fat 
stores more efficiently than others. Birds with different diets may also use their 
fat reserves in different ways; migrating frugivores catabolized less protein and 
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more lipid during migration than insectivores (Gannes 2001). Geography may 
also influence the relationship between frugivory and fat accumulation. For ex-
ample, availability of fruit and insects did not impact fat acquisition in western 
North American in Idaho (Carlisle et al. 2012), whereas diversity and availability 
of fruit correlated with fat acquisition during fall in eastern North America near 
Lake Ontario (Smith et al. 2015). Finally, climate change may create phenological 
mismatches between an individual’s arrival at stopover grounds and their preferred 
food (Kellermann and van Riper 2015), thereby influencing fat accumulation (van 
Gils et al. 2016). For example, La Sorte and Graham (2021) found that dietary guild 
predicted which North American birds timed migration with vegetation greenness; 
however, Wolfe et al. (2014) observed that both omnivores and frugivores were 
highly synchronized with leaf phenology instead. Only long-distance insectivores 
showed strong synchronization with vegetation greenness, and insectivores specifi-
cally showed little synchronization during fall migration. 
 Few studies have looked at long-term changes in body fat of songbirds dur-
ing migration. Ożarowska and Meissner (2023) found increasing body mass and 
fat reserves of autumn migrating Sylvia atricapilla (L.) (Eurasian Blackcap) and 
hypothesized that this result reflected increasing fruit availability at their study 
site. We used Ożarowska and Meissner’s (2023) approach to assess changes in fat 
storage among migratory songbirds at a songbird fall-migration stopover site in a 
coastal forest in southern Maine. We used long-term banding data from a stopover 
site in Maine using captures of 21 species of short- and long-distance migratory 
songbirds to assess whether: (1) fat scores, an index of fat storage, exhibited any 
significant trends from 2011 to 2024 during fall stopovers; and (2) if these trends 
differed among foraging guilds. 

Methods

Field-site description
 We conducted fieldwork at the University of New England’s 147-ha forest in 
Biddeford, Maine (43.27277°N, 70.24498°W). We captured birds using 3 mist net 
arrays, with each array including five 9 m x 12 m nets. Two arrays were located 
in wetland sites largely composed of Acer rubrum L. (Red Maple), Vaccinium 
corymbosum L. (Highbush Blueberry) and Ilex verticillata (L.) A. Gray (Common 
Winterberry). The third array was in an upland site largely composed of Quercus ru-
bra L. (Northern Red Oak), Vaccinium angustifolium Aiton (Lowbush Blueberry), 
and Pinus strobus L. (White Pine). We banded songbirds 2 days a week from 0630 
h to 0930 h from 1 September to 31 October during 2011–2024 but excluded 2015 
and 2021. We sampled this 3-h period to minimize time-of-day bias. Fat scores 
were determined by 1 observer (N.G. Perlut) throughout the study. The observer 
blew on the birds’ furcula to visually assess fat storage on a scale from 0, no fat, 
to 5, overflowing or maximum fat (Helms and Drury 1960). We excluded captures 
of resident species and included all short- and long-distance migratory songbirds. 
For each year, we excluded weeks with only 1 capture of an individual within each 
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guild to ensure that a small number of birds did not overly represent the sample for 
that period. In cases where we recaptured an individual (3.7% of captures), both 
the initial capture and subsequent captures were included in the dataset because the 
same bird could have acquired or depleted fat between captures. Due to the repeated 
measurement of a small number of individual birds, we included band number as a 
nested random effect in our models.

Statistical analysis
 We used information from Billerman et al. (2022) to assign each species to 3 diet 
categories (frugivores, insectivores, and omnivores); we placed birds in categories 
that most accurately reflected their diet during fall migration. We also used Parrish 
(2000) to determine which typically insectivorous birds shift to omnivory during 
fall migration. We categorized birds that consumed seeds, buds, and flowers as fru-
givores and species that consumed arachnids, eggs, and vertebrates as omnivores 
(Table 1). 
 We ran models in R (v. 4.5.1; R Core Team 2025). We built zero-inflated gamma 
general linear mixed models (GLMM) to test if year, foraging guild, and the year * 
foraging guild interaction terms explained fat storage in songbirds during fall mi-
gration, including band number as a nested random effect in our models. We used 
zero-inflated gamma models because of the large number of individuals that had fat 
scores of 0. We first tested the effects of sample size and species composition on 
the full dataset. Of the 56 species we captured (n = 1297 individuals), 35 species 

Table 1. Bird species that had ≥10 captures across the study, with dietary guild assignment and sample 
size, caught in Maine during 2011–2024. 

Species Common name	 Foraging guild	 Sample size

Catharus guttatus (Pallas) Hermit Thrush	 Omnivore	 273
Catharus ustulatus (Nuttall) Swainson’s Thrush	 Frugivore	 20
Certhia americana Bonaparte Brown Creeper	 Insectivore	 16
Corthylio calendula (L.) Ruby-crowned Kinglet	 Insectivore	 144
Dumetella carolinensis (L.) Gray Catbird	 Omnivore	 45
Geothlypis trichas (L.) Common Yellowthroat	 Omnivore	 60
Junco hyemalis (L.) Dark-eyed Junco	 Omnivore	 24
Melospiza georgiana (Latham) Swamp Sparrow	 Omnivore	 55
Mniotilta varia (L.) Black-and-white Warbler	 Insectivore	 10
Sayornis phoebe (Latham) Eastern Phoebe	 Omnivore	 21
Seiurus aurocapilla (L.) Ovenbird	 Insectivore	 28
Setophaga coronata (L.) Myrtle Warbler	 Omnivore	 34
Setophaga magnolia (Wilson) Magnolia Warbler	 Omnivore	 13
Setophaga palmarum (Gmelin) Palm Warbler	 Omnivore	 17
Setophaga ruticilla (L.) American Redstart	 Omnivore	 18
Setophaga striata (Forster) Blackpoll Warbler	 Omnivore	 171
Setophaga virens (Gmelin) Black-throated Green Warbler	 Omnivore	 15
Sitta canadensis L. Red-breasted Nuthatch	 Omnivore	 13
Vireo olivaceus (L.) Red-eyed Vireo	 Omnivore	 86
Vireo solitarius (Wilson) Blue-headed Vireo	 Insectivore	 23
Zonotrichia albicollis (Gmelin) White-throated Sparrow	 Frugivore	 108
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had <10 captures across the study. Due to this broad variation in sample size across 
species, our initial GLMM showed strong random effects of species on fat deposits 
(P < 0.001). To minimize species effects, we used the same models but limited our 
analysis to the 21 species that had ≥10 captures across the study because the GLMM 
no longer showed random effects of species (frugivores: 2 species and 128 captures; 
insectivores: 5 species and 221 captures; omnivores: 14 species and 845 captures; 
Table 1), where species no longer explained patterns in fat deposition. Nonetheless, 
we included species as a fixed effect in our models. We first tested if fat storage 
shifted over the 13-year study period in all birds (fat = year). Second, again with 
species as a fixed effect, we tested if fat storage changed across the study period 
within the 3 foraging guilds (fat = year + foraging guild + year * foraging guild).

Results

 Fat deposits declined significantly across years (n = 1194, t = -2.509, P = 0.012). 
Neither foraging guild alone (t = 1.72, P = 0.863) or the year * guild interaction (t = 
1.48, P = 0.138) explained trends  in fat stores over the study. However, fat storage 
in insectivores and omnivores, but not frugivores, declined significantly between 
2011 and 2024 (Table 2). Annually, fat storage declined by 43.8% and 17.6% in 
insectivores and omnivores, respectively (Fig. 1); Fat scores declined from 2.4 to 
1.35 for insectivores and from 1.7 to 1.4 for omnivores. 
 

Discussion

 Our results show an alarming long-term decline in the autumn fat scores of 
migratory songbirds at a forested stopover site in coastal Maine (Fig. 1). Spe-
cifically, fat storage in insectivores and omnivores, but not frugivores, declined 
significantly over the 13-year study period. One explanation for the decreased 
levels of fat is that birds were increasingly unable to store fat due to a decline in 
food availability at or near our study site. Global insect populations have plum-
meted by 45% in the last 40 years (Dirzo et al. 2014). A meta-analysis of 1676 
study sites around the world showed a 9% decrease in terrestrial insects per de-
cade, with even higher declines in North America (van Klink et al. 2020). Habitat 
loss due to development, invasive plants, and non-native lumber, agriculture, 
lawn, and garden species are not only destructive to plant food sources, but a ma-
jor source of declines in insect abundance. 

Table 2. Output for GLMM model including year, foraging guild, and the year * foraging guild in-
teraction terms, testing if fat storage changed over time for songbirds in 3 foraging guilds caught in 
coastal Maine during fall migration in 2011–2024 (n = 1194 individuals; frugivore: 2 species and 
128 captures; insectivore: 5 species and 221 captures; omnivore: 14 species and 845 captures). The 
estimate represents the amount of change per year. 

Guild	 Estimate	 SE	 t	 P.value

Frugivore	 -0.083	 0.065	 -1.268	 0.21
Insectivore	 -0.322	 0.047	 -6.856	 <0.001
Omnivore	 -0.092	 0.029	 -3.155	 0.002
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 While our results were clear, we do not know if there are fitness and popula-
tion consequences to decreasing fat storage at our stopover site. Other studies 
have identified related population effects. For example, in Galapagos, invasive 
Rubus niveus Thunb. (Mysore Raspberry) in unmanaged areas led to a greater 
abundance of lower-quality insects, contributing to the decline of non-migratory 
Certhidea olivacea Gould (Green Warbler-Finch; Hood-Nowotny et al. 2023). 
Likewise, McKinnon et al. (2015) found a decrease in abundance of insects and 
fruit correlated with a decrease in abundance in migratory songbirds during their 
wintering period. Insectivores in our study exhibited the largest rate of decline 
over the study period. We suspect that this decline might reflect local insect de-
clines; however, we did not simultaneously assess insect populations, and our 
study site remained relatively stable over the study period (e.g. no habitat loss, 
little change in the plant community). Therefore, the long-term decrease in fat 
storage that we observed may be an indication of decreased food availability, 
food quality, or increased competition at our study site. Stopover-specific de-
creases in food are especially concerning for species who need to accumulate 
fat to migrate because fat stores may predict how long a bird stays at a stopover 
location; songbirds with less fat are known to stay longer at stopover locations 
(Seewagen and Guglielmo 2009). However, there is some contrary evidence, as in 
Salewski and Schaub (2007), that birds who arrived at fall stopover sites with less 
fat did not necessarily stay longer at the stopover. The implications of changes 
in stopover ecology can profoundly affect other stages in the annual cycle. For 
example, carry-over effects from stopover sites can have stronger influence on 
breeding phenology than breeding climate (Finch et al. 2014).
 Other studies both support and contradict our study results showing differ-
ences in fat storage trends among foraging guilds. At a site in southeastern South 
Dakota, insectivores were able to successfully refuel at both a riparian woodland 
and an anthropogenic woodlot (Liu et al. 2022). However, in other areas overtaken 
by invasive plants and other anthropogenic modifications, frugivores increasingly 
struggled to gain fat needed for migration (Campo-Celada et al. 2022). These 2 

Figure. 1. Predict-
ed fat stores from 
zero-inflated gamma 
general linear mixed 
models (GLMM) de-
creased significantly 
from 2011 to 2024 in 
omnivores and insec-
tivores but not fru-
givores. The shaded 
areas represent 95% 
confidence bands.
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contrasting studies could be a result of the macronutrient composition of insects vs. 
fruits—insects generally have more protein content, while many, but not all, fruits 
are rich in fat. Because of these differences, frugivores can potentially use their fat 
stores more efficiently during migration (Jenni-Eiermann and Jenni 2025). 
 Many species switch their diets to eat more fruit during fall migration (Parrish 
2020); since frugivores have maintained fat levels at our study site, potential diet 
switching that affords the flexibility to eat more fruit may help mediate losses in 
fat storage. Birds select diets that have higher proportions of certain fatty acids that 
are beneficial for long periods of exercise (Alan et al. 2013, Pierce and McWilliams 
2005). During fall migration, when these same resources are being consumed by 
more species of birds, there may be higher competition for already diminished food 
availability among insectivores and omnivores but not frugivores or species with 
elastic diets that can increase fruit consumption in fall. 
 Fat acquisition during fall migration is clearly a complex and nuanced phenom-
enon that is shifting in different guilds by varying degrees. Decreasing fat storage in 
migratory songbirds could be an ecological problem if birds rely on large accumula-
tions to complete migration. Habitat loss can decrease food availability, leading to 
decreased annual survival (Campo-Celada et al. 2022, Hood-Nowotny et al. 2023, 
Martay et al. 2023, Wolfe et al. 2014). If fat acquisition continues to decrease, birds 
may increasingly fail to survive their long, strenuous migrations, or they may have 
to adapt their migration strategies entirely. High fat levels are especially important 
for birds while crossing barrier habitats; therefore, decreased fat levels may lead to 
birds taking slower routes with more stopovers rather than long, barrier-crossing 
flights over oceans and deserts (Bairlein and Gwinner 1994).

Acknowledgments

 We thank the hundreds of students in Advanced Field Methods in Avian Ecology and 
Conservation who helped collect data used in this project. Jocelyn LaClair created the 
research question, analyzed data, and wrote the paper. Noah Perlut designed methods, con-
ducted research, collected data, analyzed data, and wrote the paper. Funding for this project 
was provided by the College of Arts and Sciences at the University of New England. This 
research was conducted under Master Bander Permit #25430 (N.G. Perlut), State of Maine 
#772 permit, and UNE IACUC protocol number UNE010-2009 (N.G. Perlut).

Literature Cited

Alan, R.R., S.R. McWilliams, and K.J. McGraw. 2013. The importance of antioxidants 
for avian fruit selection during autumn migration. The Wilson Journal of Ornithology 
125:513–525

Bairlein, F., and E. Gwinner. 1994. Nutritional mechanisms and temporal control of migra-
tory energy accumulation in birds. Annual Review of Nutrition 14:187–215.

Billerman, S.M., B.K. Keeney, P.G. Rodewald, and T.S. Schulenberg (Eds.). 2022. Birds of 
the World. Cornell Laboratory of Ornithology, Ithaca, NY. 

Campo-Celada, M., P. Jordano, A. Benítez-López, C. Gutiérrez-Expósito, J. Rabadán-
González, and I. Mendoza. 2022. Assessing short- and long-term variations in diversity, 
timing, and body condition of frugivorous birds. Oikos 2022:article OIK13324. 



Northeastern Naturalist

526

J. LaClair and N. Perlut
2026 Vol. 33, No. 4

Carlisle, J.D., K.L. Olmstead, C.H. Richart, and D.L. Swanson. 2012. Food availability, 
foraging behavior, and diet of autumn migrant landbirds in the Boise Foothills of south-
western Idaho. The Condor 114(3):449–461. 

Carter, W.A., S. Smith Pagano, and C.L. Seewagen. 2024. The effects of diet-shifting from 
invertebrates towards fruit on the condition of autumn-migrant Catharus thrushes Oeco-
logia 204:559–573.

Cornelius, J.M., T.P. Hahn, A.R. Robart, B.J. Vernasco, D.L. Zahor, K.J. Glynn, C.J. Navis, 
and H.E. Watts. 2021. Seasonal patterns of fat deposits in relation to migratory strategy 
in facultative migrants. Frontiers in Ecology and Evolution 9:article 691808. 

Covino, K.M., R.L. Holberton, and S.R. Morris. 2011. Factors influencing migratory deci-
sions made by songbirds on spring stopover. Journal of Avian Biology 46:73–80. 

Dirzo, R., H.S. Young, M. Galetti, G. Ceballos, N.J.B. Isaac, and B. Collen. 2014. Defauna-
tion in the Anthropocene. Science 345(6195):401–406. 

Finch, T., J.W. Pearce-Higgins, D.I. Leech, and K.L. Evans. 2014. Carry-over effects from 
passage regions are more important than breeding climate in determining the breeding 
phenology and performance of three avian migrants of conservation concern. Biodiver-
sity and Conservation 23:2427–2444.

Gannes, L.Z. 2001. Comparative fuel use of migrating passerines: Effects of fat stores, 
migration distance, and diet. The Auk 118:665–677.

Goymann, W., F. Spina, A. Ferri, and L. Fusani. 2010. Body fat influences departure from 
stopover sites in migratory birds: Evidence from whole-island telemetry. Biology Let-
ters 6:478–481.

Helms, C.W., and W.H. Drury. 1960. Winter and migratory weight and fat field-studies on 
some North American buntings. Bird-Banding 31:1–40. 

Hood-Nowotny, R., I. Rabitsch, A. Cimadom, M. Suarez-Rubio, A. Watzinger, P.S. Yáñez, 
C.H. Schulze, S. Zechmeister-Boltenstern, H. Jäger, and S. Tebbich. 2023. Plant inva-
sion causes alterations in Darwin’s finch feeding patterns in Galápagos cloud forests. 
Science of the Total Environment 895:article 164990. 

Jenni-Eiermann, S., and L. Jenni. 2025. Migration strategy and diet affect the metabolism 
of passerine birds during endurance flight. Ecology and Evolution 15(4):article e71299. 

Kellermann, J.L., and C. van Riper. 2015. Detecting mismatches of bird migration stopover 
and tree phenology in response to changing climate. Oecologia 178:1227–1238.

La Sorte, F.A., and C.H. Graham. 2021. Phenological synchronization of seasonal bird 
migration with vegetation greenness across dietary guilds. Journal of Animal Ecology 
90(2):343–355. 

Lindstrom, Å, and T. Alerstam. 1992. Optimal fat loads in migrating birds: A test of the 
time-minimization hypothesis. American Naturalist 140:477–491.

Liu, M., P.G. Kinnicutt, R. Goljani Amirkhiz, and D.L. Swanson. 2022. Arthropod prey 
and diets of woodland migrants are similar between natural riparian woodlands and 
anthropogenic woodlots in the northern prairie region. Avian Conservation and Ecology 
17(2):article 45. 

Martay, B., D.I. Leech, C.R. Shortall, J.R. Bell, S.J. Thackeray, D.L. Hemming, and J.W. 
Pearce-Higgins. 2023. Aerial insect biomass, but not phenological mismatch, is associ-
ated with chick survival of an insectivorous bird. Ibis 165(3):790–807

McKinnon, E.A., J.A. Rotenberg, and B.J.M. Stutchbury. 2015. Seasonal change in tropi-
cal habitat quality and body condition for a declining migratory songbird. Oecologia 
179(2):363–375. 



Northeastern Naturalist Vol. 33, No. 4
J. LaClair and N. Perlut

2026

527

Ożarowska, A, and W. Meissner. 2024. Increasing body condition of autumn migrating 
Eurasian Blackcaps, Sylvia atricapilla, over four decades. European Zoological Journal 
91:151–161.

Parrish, J.D. 1997. Patterns of frugivory and energetic condition in nearctic landbirds dur-
ing autumn migration. Condor 99: 681–697.

Parrish, J.D. 2000. Behavioral, energetic, and conservation implications of foraging plastic-
ity during migration. Studies in Avian Biology 20:53–70.

Pierce, B.J., and S.R. McWilliams. 2005. Seasonal changes in composition of lipid stores in 
migratory birds: Causes and consequences. Condor 107(2):269–279. 

R Core Team. 2025. R: A Language and Environment for Statistical Computing. Version 
4.5.1. R Foundation for Statistical Computing, Vienna, Austria. 

Salewski, V., and M. Schaub. 2007. Stopover duration of Palearctic passerine migrants in 
the western Sahara: Independent of fat stores? Ibis 149:223–236.

Schmaljohann, H., and B. Naef-Daenzer. 2011. Body condition and wind support initiate 
the shift of migratory direction and timing of nocturnal departure in a songbird. Journal 
of Animal Ecology 80:1115–1122.

Seewagen, C.L., and C.G. Guglielmo. 2009. Effects of fat and lean body mass on migratory 
landbird stopover duration. Wilson Journal of Ornithology 122:82–87.

Smith, S.B., A.C. Miller, C.R. Merchant, and A.F. Sankoh. 2015. Local site variation in 
stopover physiology of migrating songbirds near the south shore of Lake Ontario is 
linked to fruit availability and quality. Conservation Physiology 3(1):article cov036. 

van Gils, J.A., S. Lisovski, T. Lok, W. Meissner, A. Ożarowska, J. de Fouw, E. Rakh-
imberdiev, M.Y. Soloviev, T. Piersma, and M. Klaassen. 2016. Body shrinkage due 
to Arctic warming reduces Red Knot fitness in tropical wintering range. Science 
352(6287):819–821.

van Klink, R., D.E. Bowler, K.B. Gongalsky, A.B. Swengel, A. Gentile, and J.M. Chase. 
2020. Meta-analysis reveals declines in terrestrial but increases in freshwater insect 
abundances. Science 368(6489):417–420. 

Wolfe, J.D., M.D. Johnson, and C.J. Ralph. 2014. Do birds select habitat or food resources? 
Nearctic-neotropic migrants in northeastern Costa Rica. PLoS ONE 9(1):article e86221. 


