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ABSTRACT 

THE IMPORTANCE OF FRUIT TO SWAINSON’S THRUSHES, CATHARUS 
USTULATUS, DURING FALL MIGRATION: A FIELD TEST OF PLASMA 

METABOLITE ANALYSIS 
 
 

Amy J. Leist 

 

I evaluated the hypothesis that fruit availability significantly influences stopover 

habitat quality for fall migrating Swainson’s Thrushes (Catharus ustulatus) in coastal 

northern California.  I analyzed plasma metabolites (triglycerides, β-hydroxy-butyrate, 

and glycerol) to assess the condition of Swainson’s Thrushes during migration in two 

habitats:  a native dune forest with abundant fruit (the Lanphere Dunes unit of the 

Humboldt Bay National Wildlife Refuge) and a riparian habitat with a significantly lower 

abundance of native fruits (Mad River County Park).  In both habitats I collected blood 

samples from birds captured in mist nests and quantified dominant vegetation and fruit 

abundance in September and October, 2005 and 2006.  I used stepwise ANCOVA to 

examine the difference in plasma metabolite concentrations between each habitat while 

controlling for confounding variables.  In support of the hypothesis, β-hydroxy-butyrate 

concentrations were significantly higher in birds captured at Mad River County Park than 

birds caught at Lanphere Dunes, and fruit availability and diversity was lower at Mad 

River County Park than Lanphere Dunes.  Concentrations of triglycerides and glycerol 

were not statistically different between the sites.  Metabolite concentrations were 



 

 iv

significantly correlated with several covariates.  Triglycerides were positively correlated 

with minutes since sunrise, date, fat score, and weight.  β-hydroxy-butyrates were 

positively correlated with fat score but negatively correlated with minutes since sunrise.  

Plasma glycerol was positively correlated with fat and molt.  Further work should couple 

plasma metabolite analysis with other techniques, such as radio telemetry or sampling of 

insect abundance, to more fully examine stopover habitat quality. 
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  1  

  INTRODUCTION  

 Stopover habitat quality is difficult to measure for en route Nearctic-Neotropical 

migrants since individuals can rarely be tracked or monitored over the vast area covered 

during migration (Johnson in press, Cochran and Wikelski 2005).  Traditionally, fat 

score, body mass, and duration of stopover were used to assess habitat quality (e.g. 

Beibach et al. 1986, Moore and Kerlinger 1987, Spengler et al. 1995, Bolshakov et al. 

2003), but these methods fail to measure the rate of fuel deposition which should best 

represent habitat quality (Chernotsov 2006).  The analysis of plasma metabolites, 

sampled from migrating passerines, may provide information on fuel assimilation and 

thus become a way to assess food availability in a specific habitat. Using this technique, 

data from a single capture has allowed researchers to gauge the relative quality of 

stopover habitat (Williams et al. 1999, Jenni-Eiermann and Jenni 1994, Schuab and Jenni 

2001, Guglielmo 2005).  

After plasma metabolite analysis methods were solidly established in controlled 

settings, the technique was applied to measure the rate at which migrants accumulated fat 

at particular stopover sites (Schaub and Jenni 2001).  Recent studies have used plasma 

metabolites to measure rates of feeding at stopover habitats and to predict mass change in 

captive experiments (e.g. Jenni-Eiermann and Jenni 1996, 1997, Williams et al. 1999, 

Schuab and Jenni 2001, Guglielmo et al. 2002, 2005, Ydenberg et al. 2002, Cerasale et al. 

2006, Zajac 2006).  Two plasma metabolites, triglycerides (TRIG) and β-hydroxy-

butyrates (BUTY), most effectively demonstrate the difference between feeding and 
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fasting birds (Jenni-Eiermann and Jenni 1994).  TRIG is elevated in the bloodstream 

during fat deposition, and circulating triglycerides are created by the breakdown of food 

or from de novo synthesis in the liver.  BUTY, a keton body, is synthesized from free 

fatty acids during fasting.  A third metabolite, plasma glycerol (GLYC), increases with 

lipolysis and is high in fasting birds (Stevens 1996).  High concentrations of TRIG and 

low concentrations of BUTY indicate fat accumulation during the previous 1 to 4 hours, 

and high concentrations of BUTY and low concentrations of TRIG indicate recent fasting 

(Jenni-Eiermann and Jenni 1994). 

Most studies of Nearctic-Neotropical migrant stopover ecology have taken place 

on the East and Gulf coasts or in desert riparian habitats of the United States (Yong and 

Moore 1994, Wang and Finch 1997, Sandberg et al. 2002, Long and Stouffer 2003). Few 

studies have attempted to measure the quality of stopover habitat for Neotropical migrant 

passerines in the Pacific Flyway (but see Russell and Carpenter 2004).  The Swainson’s 

Thrush, Catharus ustulatus, is a long-distance Nearctic-Neotropical migrant that breeds 

across Canada and the northern United States then migrates along the east and west 

coasts to wintering grounds from Mexico to Argentina.  Swainson’s Thrushes are 

nocturnal migrants that fly long distances at night then stop during the day to feed and 

rest (Cochran 1986, Cochran et al. 2004, Mack and Yong 2000).   

Stopover habitat on the Pacific Flyway, specifically in northern California, has 

been altered in a variety of ways (e.g. timber extraction, development, introduction of 

exotic vegetation).  Working in coastal northern California, Tietz (2005) found that 

Swainson’s Thrushes did not select stopover sites in association with vegetation type or 
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percentage of vegetation cover.  Rather, on a local scale (i.e. within a home range), birds 

selected areas with high fruit abundance (particularly huckleberry, Vaccinum ovatum).  

These data suggest that Swainson’s Thrushes select stopover sites that contain abundant 

fruit, perhaps because they are high-quality habitats that afford favorable refueling rates.  

Many studies have shown that migrants ingest fruit to meet their energetic needs 

during migration (Baird 1980, Greenburg 1981, Foster 1987, Bairlein 1990, Levey and 

Stiles 1992, Bairlein and Gwinner 1994, Bairlein and Simons 1995, Parrish 1997, 2000, 

Bairlein 2002).  In autumn, insect populations that many Nearctic-Neotropical migrants 

rely upon during the breeding season decrease rapidly, while many temperate plant 

species produce fruits that are consumed by birds (Baird 1980).  Generally, fruit has 

fewer calories when compared to a diet of insects. Foraging on both, however, allows for 

more efficient weight gain than does feeding on insects alone (Bairlein and Gwinner 

1994, Parrish 2000, Bairlein 2002). 

The aim of this study was to investigate the hypothesis that in coastal California, 

Swainson’s Thrush stopover habitats rich in fruit are higher in quality than those with 

fewer fruits.  I analyzed plasma metabolites from Swainson’s Thrushes during fall 

migration in both a native dune forest habitat with a relatively high abundance of native 

fruit and a riparian habitat with a low abundance of native fruit.
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METHODS 
 
 
 

Study Area 

I conducted research at two study sites that differed in fruit availability on the 

Humboldt County coast in Northern California (Fig. 1).  The “high fruit” site was part of 

the Lanphere Dunes unit of the Humboldt Bay National Wildlife Refuge and adjacent 

private property of the Ralph family.  The “low fruit” site consisted of riparian areas at 

Mad River County Park.  Fruit counts are described below in Habitat Measurements. 

The Lanphere Dunes is a rectangular mosaic of sand dunes and wetlands, mixed 

with deciduous and coniferous forest. It is bordered by sand dunes and the Pacific Ocean 

to the west and Humboldt Bay, tidal estuary, and dairy pastures to the south and east 

respectively (Figure 1).  Lanphere Dunes, a preserved fragment of coastal beach pine 

forest, is a stopover point for west coast migratory passerines (Humboldt Bay Bird 

Observatory 2005). Personnel, including myself and many volunteers, conducted mist-

netting in the forested areas where two broad vegetation categories are easily 

distinguished: conifer and broadleaf forests.  This area is called the Lanphere Dunes 

banding site. In the broadleaf forests, willow (Salix sp.) and red alder (Alnus rubra) 

dominate the overstory and broadleaf shrubs such as California wax myrtle (Myrica 

california), Pacific blackberry (Rubus ursinus), and silk tassel (Garrya elliptica) compose 

the understory (Tietz 2005).  Conifer forest overstory trees included Sitka spruce  
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Figure 1. Study site in coastal northwestern California, 2005-2006: A. Mad River County 
    Park with scrub and willow/alder cover, B. Lanphere Dunes with beach pine forest, 
    C. Outline of coastal Humboldt County, California, D. West coast of the United States.  
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(Picea sitchensis), beach pine (Pinus contorta contorta), and grand fir (Abies grandis), 

with an understory of mainly black huckleberry salal (Gaultheria shallon), and silk tassel.  

  Mad River County Park is composed of sand dunes, beach sage scrub, and 

willow/alder riparian habitats. It is bordered by beach dunes and the Pacific Ocean to the 

west and the Mad River and farmland to the north, south, and east (Figure 1).  To my 

knowledge there has been no formal migration monitoring at Mad River County Park, but 

the area is locally known to be a stopover site for migratory passerines (J. Tietz 2004 

personal communication, K. Irwin 2004 personal communication).  In contrast with 

Lanphere Dunes, Mad River County Park has low fruit abundance and diversity.  The 

understory is composed mainly of Pacific blackberry, which produces most of its fruit in 

the spring, and small patches of Himalayan blackberry (Rubus discolor). 

 

Bird Capture and Plasma Collection 

With the help of volunteers, I collected data between 1 September and 31 October, 

in 2005 and 2006, at Lanphere Dunes and Mad River County Park.  I collaborated with the 

Humboldt Bay Bird Observatory at Lanphere Dunes to use their established bird-banding 

site (Lanphere Dunes, 17.5 9-m mist nets) to capture Swainson’s Thrushes.  At Mad River 

County Park I cleared 16 temporary 9-m mist net lanes.  All mist-netting and banding 

followed the procedures and protocols outlined by Humboldt Bay Bird Observatory (Ralph 

et al. 1993). 

 Personnel operated mist-nets 5 to 7 days each week.  We opened nets from 15 

minutes before sunrise to one-half hour after sunrise and kept nets open for 5 hours total 
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each day.  We checked mist-nets every 15 minutes so that a captured Swainson’s Thrush 

spent a maximum of 15 minutes in a net.  Plasma metabolite levels can change when a bird 

becomes stressed, so we took blood samples as soon as feasible, 5-30 minutes after birds 

were caught (Jenni-Eiermann and Jenni 1991, Guglielmo et al. 2001, Guglielmo et al. 

2002).  Upon arrival at a net, we immediately removed and processed Swainson’s 

Thrushes while all other species were removed and carried to the banding station for 

identification and collection of morphological data including sex, age, and weight 

(Lanphere Dunes sites) or released (Mad River County Park).  At each capture we recorded 

the time elapsed since the previous net check, i.e., the maximum time since capture, called 

the “sampling time lag” (Schaub and Jenni 2001).  I used this variable as a covariate in 

stepwise ANCOVAs (see Statistical Analysis section below).  

We removed Swainson’s Thrushes from nets and placed them in brown paper 

bags for transport to the banding station.  Next, we sampled blood via venipuncture of the 

brachial vein using a 26 ¾-gauge needle.  Blood was collected in 80 µL capillary tubes. 

No more than 3 capillary tubes (240 µL) of whole blood were taken from each bird in one 

day.  We staunched blood flow with clean cotton balls. We stored blood samples on ice in 

a cooler during the remainder of the 5-hour banding session.  After bleeding, we fitted 

each Swainson’s Thrush with a USFWS numbered aluminum leg band and collected 

further data including age, sex, measurements, molt, and weight while following standard 

protocols (Ralph et al. 1993).  We categorized fat score as: zero, trace, light, half, full, 

and bulging to describe the amount of fat deposited in the furcular hollow.  Because 

several categories had small samples (e.g., <10), I collapsed the 3 low scores into a ‘lean’ 
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category and the 3 high fat scores into a ‘fat’ category for analysis.  We checked the 

brachial vein to make sure bleeding had stopped before releasing each bird.  Methods 

were approved by the Humboldt State University Institutional Animal Care and Use 

Committee (protocol # 04/05.W.12-A).  

 

Blood Processing and Plasma Metabolite Assays 

 Immediately following each mist-netting session, I centrifuged each blood sample 

at 2000 g for 10-15 minutes to separate plasma from the red blood cells.  I used a 100 uL 

micropipette to separate plasma from red blood cells and transferred the plasma to 2-3 

separate Epindorf microcentrife tubes.  I labeled all red blood cell and plasma storage tubes 

and stored them at –80º C until processing. 

 Jennifer Long (University of Maine) and I assayed triglyceride and free glycerol 

using a Sigma triglyceride (GPO-Trinder) assay kit modified to use a Packard Spectracount 

reader (540 nm) with 96-well plates and 5 μl replicates of plasma following the methods 

described in Guglielmo et al. (2002) and adapted by Long (J. Long, pers. comm.).  Jennifer 

Long and I assayed β-hydroxy-butyrate using a kinetic assay kit (r-biopharm) adapted for 

use with passerine species following the methods described in Guglielmo et al. (2005) and 

adapted by Johnston (J. Long, pers. comm.).  We created a standard curve on each plate, 

and we ran all curve, standard, and unknowns in duplicate.  
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Habitat Measurements 

  In 2005 and 2006, I sampled fruit abundance at 40 random locations within a 500 

m radius of the capture net arrays.  I obtained an index of fruit available to Swainson’s 

Thrushes during stopover by counting fruits within the randomly selected plots.  I divided 

plots into four quadrants, and counted the number of fruits inside a 1 m wire sphere at 

approximately chest height once in each of the 4 quadrants.  If there were no fruits at 

chest height, I raised or lowered the sphere to access any fruit in the quadrant. I do not 

think that this caused a bias since I was only trying to obtain an index of fruit at each site.  

I conducted fruit counts over the principal weeks of Swainson’s Thrush migration from 

mid-September to mid-October.  In each plot, I visually estimated the percentage cover of 

dominant shrub and tree species.  

 

Fecal Sample Analysis 

In this analysis, I followed the heuristic assumption that a bird’s plasma 

metabolite concentrations were representative of the habitat in which it was captured.  

Realistically, birds may have fed in other habitats before they moved to the habitat of 

capture.  Other researchers (Schaub and Jenni 2001) have suggested that observations 

such as presence of food on a bird’s bill or whether or not a bird defecates between 

capture and release can indicate how recently a bird has been feeding and suggest 

whether or not it was feeding in the habitat of capture.  When a Swainson’s Thrush 

defecated between capture and release (>90% of cases for this study) or if it had fresh 

fruit evidence on its bill, I assumed it had been feeding within the capture habitat.  All 
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birds met one or both of these criteria.  I held birds in brown paper bags during transport 

from mist nets to the banding site to collect a fecal sample.  I returned individual birds 

that did not provide a fecal sample during transport to the brown bag after processing for 

up to 15 minutes to obtain a sample.  

I used the following methods, modeled after those of Parrish (1997) and Tietz 

(2005), to collect, store, and analyze Swainson’s Thrush fecal samples.  I collected, 

labeled, and froze fecal samples in brown paper bird bags.  Prior to analysis, I thawed and 

scraped each sample into a Petri dish with 70% ethyl alcohol.  I used digital reference 

photos (Tietz 2005) and fresh fruit samples to identify the seeds of different fruits in each 

fecal sample.  I also recorded the presence or absence of insect parts and the estimated 

percentage of insect parts in each fecal sample (by volume), and I noted the color of a 

sample if it did not contain solid components.  

 

Statistical Analysis 

To satisfy the assumption of normality I transformed (log10 +1) the metabolite 

concentrations so that the residuals of the concentrations were normally distributed.  

Several of the variables I collected were not included in the analysis of differences in 

metabolite concentrations between sites.  I did not consider sex in this analysis since 

there is no reliable way to morphologically determine sex during the fall (Pyle 1997).  

Additionally, I did not consider variables such as wing chord, skull ossification, or molt  
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Table 1. Variables potentially confounding comparisons of metabolite concentrations in 
    birds captured in different habitats.  Variables were screened for inclusion in analysis 
    using a Spearman rank correlation matrix 
 
Response variables    Type of variable
  TRIG concentration   continuous 
  GLYC concentration   continuous 
  BUTY concentration   continuous 
Independent variables    
 Time variables   
  Year (2005, 2006)   categorical 
  Julian Date   continuous 
  Minutes since sunrise   continuous 
  Maximum time before bleeding   continuous 

 
Swainson’s 
Thrush variables   

  Age (adult, juvenile)   categorical 
  Fat Class(Fat/Lean)   categorical 
  Molt (yes/no)   categorical 
  Weight (g)   continuous 
  Capture status (recap/new)   categorical 
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limits because they do not have a hypothesized biological relationship to metabolite 

concentrations.  All variables used in the analysis are listed in Table 1. 

To gauge the degree that each potential confounding variable (variables other than 

site) influenced metabolite concentrations, I first screened each for significance by 

calculating the Spearman-rank correlation coefficients (Table 2).  I then included each 

significant variable (P < 0.05) in three subsequent stepwise analyses of covariance 

(ANCOVAs, one each for TRIG, BUTY, and GLYC) to assess differences in metabolite 

levels between study sites.  Fat score and weight were strongly correlated.  I chose to 

emphasize fat score in the stepwise process for simplicity and consistency among the 

three metabolites.  I tested whether a) the number of plots containing berries and b) the 

number of fecal samples that contained seed and insect matter differed between sites 

using chi-squared tests of independence.  I used t-tests (for normal data) and Mann-

Whitney U-tests (for non-normal data) to examine differences between the sites in a) the 

average number of fruits per plot and b) the amount of seeds and insects in the fecal 

samples. 



 

 

 

Table 2. Spearman rank correlation matrix of confounding variables with metabolite concentrations (log+1 transformed). 
    Values with P<0.05 are in bold. 
 

  
Capture 
status Age 

Fat 
Score Weight Date 

Minutes 
since 

sunrise 

Max time 
before 

bleeding Molt BUTY GLYC TRIG 
Year 0.028 0.074 0.148 -0.074 0.24 -0.15 -0.087 0.21 -0.078 0.09 0.008 
Capture status (new or 

recaptured)  0.131 -0.04 -0.122 0.26 -0.03 -0.013 -0.127 -0.089 -0.091 0.012 

Age   0.075 0.053 0.095 0.044 -0.071 0.143 -0.09 0.006 -0.041 
Fat Score    0.611 0.259 -0.1 0.05 0.47 0.209 0.283 0.307 
Weight     0.153 0.042 -0.017 0.4 0.158 0.166 0.315 
Date      -0.09 0.233 0.32 0.015 0.097 0.275 
Minutes since sunrise       0.002 -0.132 -0.378 -0.113 0.364 
Max time before bleeding        0.003 -0.002 -0.071 0.036 
Molt         0.165 0.342 0.23 
BUTY          0.386 -0.131 
GLYC                     0.26 

13
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RESULTS 

 
 

I bled and collected data from 12 (2005) and 23 (2006) Swainson’s Thrushes at 

Mad River County Park and 35 (2005) and 49 (2006) Swainson’s Thrushes at Lanphere 

Dunes (Table 3).  I collected 97 fecal samples from these 113 birds (86%).  I included all 

blood samples from recaptured birds (n = 11) as independent samples in analyses because 

they occurred on different days and because blood metabolites change over a matter of 

hours (Jenni-Eiermann and Jenni 1994). Thus samples from recaptured birds likely reflect 

different foraging patches within each study site. 

Several covariates were significantly related to blood metabolite concentrations 

(Table 3).  BUTY concentrations decreased with minutes since sunrise and increased 

with fat score.  Fat and molt status were positively related to GLYC at both sites; birds 

with no molt had higher levels of glycerol than molting birds and GLYC was higher for 

fat birds than lean birds.  TRIG was positively related to time of day, Julian date, fat 

score, and weight. 

After controlling for these significant covariates via ANCOVA, concentrations of 

BUTY were significantly higher at Mad River County Park, but TRIG and GLYC 

concentrations were not statistically different between the two sites (Table 4).  

Accounting for a negative relationship between minutes since sunrise (F1,106 = 21.51, P < 

0.001) and a positive relationship with fat (F1,106 = 11.05, P < 0.001), BUTY 

concentrations were higher on average at Mad River County Park than at Lanphere 

Dunes (F1,106 = 6.65, P = 0.011).  Accounting for a positive relationship with fat
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Table 3. Summary of Swainson’s Thrushes captured at Lanphere Dunes and Mad River  
    County Park, Humboldt County, California, in 2005 and 2006. 
 
    2005   2006 
Number of Captures   Lanphere Mad River   Lanphere Mad River 

1  32 10  44 22 
2  3 2  3 1 
3  0 0  1 0 
4  0 0  1 0 

Total   35 12   49 23 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



16 

 

Table 4. Raw and adjusted concentrations (mmol/L) of triglycerides (TRIG), β-hydroxy-  
    butyrates (BUTY), and glycerol (GLYC) in the plasma of Swainson’s Thrushes caught at
    Lanphere Dunes and Mad River County Park in Humboldt County, California, 2005- 

2006. Adjusted concentrations were obtained from ANCOVA with significant covariates
 

  Lanphere Dunes   Mad River County Park 
 raw adjusted  raw adjusted 
TRIG 1.851 ±  0.68 0.449 ± 0.010  2.070 ±  0.76 0.466 ± 0.015 
BUTY 0.746 ±  0.30 0.236 ± 0.007  0.846 ±  0.32 0.265 ± 0.011 
GLYC 0.418 ±  0.12 0.150 ± 0.004  0.441 ±  0.15 0.156 ± 0.006 
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score (F1,100 = 4.00, P = 0.048) and molt (F1,100 = 8.22, P = 0.005) GLYC concentrations 

were not different between Mad River County Park and Lanphere Dunes (F1,100 = 0.43, P 

= 0.515).  TRIG concentrations were not different between the sites (F1,106 = 0.87, P = 

0.352) when accounting for a positive relationship with date (F1,106 = 5.04, P = 0.027), 

minutes captured after sunrise (F1,106 = 18.44, P < 0.001), and fat score (F1,106 = 11.59, P 

< 0.001).  

 

Berry Counts 

At Lanphere Dunes, 13 of 36 (~36%) plots contained berries in 2005 and 12 of 36 

(~33%) plots contained berries in 2006.  At Mad River County Park, 1 of 41 (~2%) plots 

contained berries in 2005 and 4 of 41 (~10%) plots contained berries in 2006.  At 

Lanphere Dunes, >95% of fruits counted were black huckleberry.  At Mad River County 

Park, 100% of fruits counted were Himalayan blackberry.  I found no difference in the 

number of plots containing berries between 2005 and 2006 at Lanphere Dunes (χ2 =0.061, 

df = 1, P = 0.805) or Mad River County Park (χ2 =1.917, df = 1, P = 0.166).  However, 

the proportion of plots containing berries was significantly higher at Lanphere Dunes 

than at Mad River County Park (χ2 =20.027, df = 1, P < 0.001).  At Mad River County 

Park, I counted 76 total fruits in 2005 and 211 total fruits in 2006.  At Lanphere Dunes I 

counted 844 total fruits in 2005 and 1391 total fruits in 2006.  There was no significant 

difference in the average number of fruits per plot between 2005 and 2006 at Mad River 

County Park (U = -1.352, P = 0.176) or Lanphere Dunes (U = 0.215, P = 0.830).  

However, the average number of fruits per plot was significantly higher at Lanphere 
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Dunes than at Mad River County Park (U = 4.330, P < 0.001; Figure 2).  Additional 

descriptive and quantitative differences in vegetation between the study sites are in 

Appendix A and B.  

 

Fecal Samples 

 Of the total (n = 109) fecal samples I collected for this study in 2005 and 2006, 

99% contained evidence of fruit ingestion in the form of seeds, fruit pulp/skins, or deep 

purple liquid.  The proportion of fecal samples that contained insect matter was similar at 

each site (71.75% at Lanphere Dunes, 69.65% at Mad River County Park, χ2 = 0.017, df = 

1, P = 0.452), but the proportion that contained seeds was higher at Lanphere Dunes 

(74.6%) than at Mad River County Park (42.9%, χ2 = 8.560, df = 1, P < 0.001).  Fecal 

samples from Mad River County Park had a higher percentage of insects (by volume) 

than Lanphere Dunes, but they were not statistically different (t = 1.134, df = 1, P = 

0.259).  There were more seeds in the fecal samples from Swainson’s Thrushes caught at 

Lanphere Dunes (mean = 27.25, SD = 4.85) than at Mad River County Park (mean = 

11.48, SD = 7.82; U = -3.90, P < 0.001) (Table 5). 

At Lanphere Dunes in 2005 (n = 28 samples), I identified huckleberry (42.5%), 

wax myrtle (50.1%), blackberry sp. (0.4%), salal (6.2%), honeysuckle (0.6%), and 

unknown (0.2%) seeds in Swainson’s Thrush fecal samples.  At Lanphere Dunes in 2006 

(n = 48 samples), I identified huckleberry (16.6%), wax myrtle (81.9%), blackberry sp. 

(0.4%), salal (0.4%), and unknown (0.7%) seeds in fecal samples.  At Mad River County 
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Figure 2.  Average number of fruits per plot (+1 SE) counted at Lanphere Dunes  
    (black) and Mad River County Park (gray), Humboldt County, California, in 2005 and 
    2006.  
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Table 5. Summary of the contents of Swainson’s Thrush fecal samples collected from  
    Lanphere Dunes and Mad River County Park, Humboldt County, California, in 2005 and 
    2006, Humboldt County, California. 
 

Site Year n % with insects 
Mean % insect 

matter % with seeds 
average  

seeds/sample
Lanphere 

Dunes       
 2005 28 64.3 25 67.9 17.89 
 2006 48 79.2 26.5 81.3 32.71 
 Total 76 71.75 25.75 74.6 27.25 

Mad 
River       

 2005 12 58.3 27.5 33.3 1.42 
 2006 21 81 35.7 52.4 17.24 
  Total 33 69.7 31.6 42.9 11.5 
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Park in 2005 (n = 12 samples), I found blackberry sp. (29.4%) and 1 unknown sp. 

(70.6%) seeds in fecal samples (n = 12).  At Mad River County Park in 2006 (n = 21 

samples), I found blackberry sp. (8.3%), 2 unknown sp. (1.7% and 0.8%), and wax myrtle 

(88.4%) seeds in fecal samples. 
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DISCUSSION 

 

I found mixed support for the hypothesis that stopover habitat in a native dune 

forest with abundant fruit (Lanphere Dunes) was higher in quality than a riparian habitat 

with a significantly lower abundance of native fruits (Mad River County Park).  

Consistent with this notion, I found that BUTY concentrations were significantly lower in 

birds captured at Lanphere Dunes compared to those captured at Mad River County Park.  

Moreover, fruit availability and diversity was higher at Lanphere Dunes compared to 

Mad River County Park.  These metabolite results emerged after controlling for 

confounding variables such as minutes caught after sunrise and fat score of each bird at 

capture.  Therefore, under my assumption that Swainson’s Thrushes’ blood metabolite 

concentrations reflect the habitat in which they were captured, higher BUTY 

concentrations at Mad River County Park indicated that Swainson’s Thrushes catabolized 

fat at a higher rate at Mad River County Park than at Lanphere Dunes.  I interpret these 

findings as suggesting that Lanphere Dunes was higher quality stopover habitat during 

the study period.  However, Smith et al. (2007) recently found that in captivity, diet did 

affect levels of TRIG and BUTY in White-throated Sparrows.  Birds that consumed a 

predominantly fruit diet had higher TRIG and lower BUTY as compared to birds that 

consumed a predominantly insect diet.  A higher carbohydrate fruit diet at Lanphere 

Dunes could similarly explain lower levels of BUTY at Lanphere Dunes.   

In this study, concentrations of TRIG and GLYC were not significantly different 

between the two sites.  If Lanphere Dunes was higher in quality than Mad River County
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Park because of the abundance of food resources (especially fruit), I would have expected 

concentrations of TRIG, which increases with fat deposition, to have been higher in birds 

captured at Lanphere Dunes  than at Mad River County Park.  Glycerol concentrations 

have proven difficult to interpret (J. Long 2006 personal communication), and the lack of 

a statistical difference between the two sites in this metabolite provides neither strong 

support for or against the hypothesis. 

Controlled experiments have shown that TRIG concentrations may reflect food 

intake rates more quickly than BUTY or GLYC and thus may be more sensitive (Jenni-

Eiermann and Jenni 1994).  In this study, raw concentrations of the TRIG metabolite had 

higher variation than did BUTY and GLYC, with standard errors at least twice that of 

BUTY and GLYC (Table 4).  Thus, it is possible that the more sensitive TRIG 

concentrations may have been a function of the quality of the foraging patch or the 

activity level of each bird immediately before capture.  In contrast, BUTY may have 

better reflected the general quality of the site used during the 24 hours before capture.  It 

is important to match the temporal scale over which measures of body condition change 

to the temporal scale over which habitat quality is sought to be judged (Johnson in press).  

Additional work on how blood metabolite concentrations change in wild birds exposed to 

varying foraging patches will help clarify which measures can provide the most useful 

indicators of habitat quality.  As byproducts of distinct cellular processes, BUTY, TRIG, 

and GLYC metabolites are detected in the blood stream after leaving their respective 

internal organs of origin. Each metabolite reflects a different physiological process 

(Jenni-Eiermann and Jenni 1998).  Given the varying physiological processes that 
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produce plasma metabolites, it is evident that multiple metabolites should be analyzed 

and interpreted with caution for inferences concerning habitat quality.   

Higher BUTY concentrations (i.e., higher rates of catabolism) at Mad River 

County Park were probably related to relatively low fruit availability.  Within Mad River 

County Park, I found only a few small patches of introduced Himalayan blackberry and 

only trace amounts of native fruit (Figure 2).  Given the sparse spatial distribution of fruit 

at Mad River County Park, few opportunities for feeding on fruit existed.  Swainson’s 

Thrushes may have expended more energy between patches of available fruit at Mad 

River County Park than at Lanphere Dunes.  This could support the finding that 

incorporation of fruit in the diet allows migrants to minimize time and energy spent 

foraging (Parrish 2000).  The notion that fruit availability and diversity was higher at 

Lanphere Dunes than Mad River County Park was further reflected in Swainson’s Thrush 

fecal samples. 

 Although fruit supply likely influenced some of the findings of this study, it is 

important to note that fecal samples also showed evidence of insect matter (found in 71% 

of fecal samples).  Smith et al. (2007) fed captive birds diets composed exclusively of 

insects, fruits, or grains and found that these diets, emphasizing very high or low fat, 

protein, and carbohydrate intake, affected plasma metabolites.  Since Swainson’s 

Thrushes were eating a similar proportion of insects at both sites, it is unlikely that diet 

alone explains the difference in BUTY at Lanphere Dunes and Mad River County Park.  I 

did not sample or compare the availability of insect prey at Mad River County Park and 

Lanphere Dunes.  Since insects made up a significant portion of the Swainson’s 
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Thrushes’ diets, future research should explicitly consider both fruit availability and 

insect availability in relation to habitat quality in this system.  These results are based on 

data collected at only two study sites; future research should catch birds at more than two 

sites to avoid pseudoreplication and expand knowledge over a broader range of habitats.  

 

Management Implications 

There are several management implications stemming from this research.  First, 

the development of plasma metabolite analysis in a field setting could provide a useful 

tool for land managers charged with prioritizing habitat quality for a) designating critical 

habitat for endangered species, b) drafting conservation plans, and c) identifying 

candidate habitats for restoration.  This may be especially relevant for scenarios in which 

other, more direct measures of habitat quality, such as reproduction or survival, are 

impractical.   

Second, little information is available concerning the relative importance of 

stopover habitat along the Pacific Flyway for Swainson’s Thrushes and other Neotropical 

migrants.  This study provides some evidence that the presence of native fruit may 

contribute to high quality stopover habitat during fall migration.  On a local scale, land 

managers may be able to boost habitat value for migrants through a limited amount of 

habitat management.  Coupled with restoration projects initiated along the Pacific 

Flyway, the use of plasma metabolite analysis may offer a valuable tool when combined 

with other measures to assess the degree to which the quality of habitat has changed for 

migrating birds in response to management practices.
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APPENDICES 

 

Appendix A. The percent cover of dominant tree and shrub species in the plots at  
    Lanphere Dunes in 2005 and 2006 in Humboldt County, California. Understory  
    vegetation cover was dominated by Vaccinium ovatum (26.9%) and Rubus ursinus  
    (9.4%). 
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Appendix B. The percent cover of dominant tree and shrub species in the plots at Mad  
    River County Park in 2005 and 2006 in Humboldt County, California. Understory  
    vegetation cover was dominated by Salix sp. (37.8%) and Rubus ursinus (34.9%). 
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