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 Electrophoretic separation with fluorescence detection was performed on several bird 

populations to investigate correlations between and properties of birds and the environment from 

which they were extracted.  Two-dimensional electrophoresis measurements combining isoelectric 

focusing and sodium dodecylsulfate polyacrylamide gel electrophoresis (SDS-PAGE) performed on 

standard bird samples indicated that birds of a feather flocculate together.  Subsequent analysis of 

native Hawaiian bird populations indicated that in some instances (but not all), birds of feathers also 

flock together, providing the first direct experimental evidence supporting the premise “birds of a 

feather flock together.” Interestingly, the sex and age of the birds also influenced flocking behavior, 

indicating a statistically significant abundance of mother-flocking birds. 
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Introduction 

 The statement “birds of a feather flock together” is a well-known and widely used axiom.1 

In spite of its nearly universal usage, little scientific evidence has been presented to support or 

refute this assertion.  A major limitation of these previous studies has been the reliance on empirical 

observation to identify and quantify the various bird populations and densities.  The few isolated 

quantitative studies that have appeared in the literature have produced conflicting results.2-6  For 

example, Snuffalufagus et al. claimed to have validated the axiom by employing capillary zone 

electrophoresis / mass spectrometry (CZE-MS) in analysis of matrix-matched bird samples from the 

deep Amazon.5  However, the results of this study were later recanted after it was discovered that 

one of the researchers (Bird, B.) had apparently inadvertently contaminated the samples.6 

 In order to overcome many of these impediments, an independent analysis method is 

required to allow quantification of each bird species through a characteristic species-specific 

parameter.  One intriguing possibility is the use of differences in the electrophoretic mobility of 

birds to identify and quantify bird populations in a timely and noninvasive manner.  The movement 

of charged particles in static electric fields has been exploited extensively for separation and 

identification of macromolecules.7 Recent extensions of that work to include studies of live cells 

suggests the exciting possibility of working with even larger living systems.8  In this work, 

electrophoretic separation was used to directly probe the flocking behavior of native bird 

populations.  

 

Experimental 

 Electrophoretic separation of bird mixtures.  A series of known bird standards (Lafayette 

Petsmart) was suspended in a low-conductivity buffer solution (30 mM HEPES and 100 mM 
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sucrose).  Using Bird-O-Fluor3 (Molecular Probes), the birds’ external appendages were 

fluorescently labeled to facilitate bird detection.  Two-dimensional (2D) electrophoretic separation 

was performed on a plug of each bird suspension, introduced into a well in the gel.   The bird 

sample was then separated using applied static electric fields ranging from 1-3 kV/cm, as shown 

schematically in Figure 1.  Isolelectric focusing was performed with pH gradient across the 

acrylamide gel, followed by sodium dodecylsulfate polyacrylamide gel electrophoresis (SDS-

PAGE). The bird samples were kept sufficiently far from the separation electrodes to ensure they 

would not be harmed during the procedure. Fluorescence imaging of the gel after separation 

allowed for determination of the concentration of each bird type present in the original sample. 

 Field studies of unknown samples.  Field investigations were performed in thriving 

ecosystems in and around the island of Hawaii.  Sample collection and preparation were critical 

considerations.  Initially, sample collection was performed using a method first introduced by 

Hitchcock in 1963, depicted in Figure 2.4  However, complications with this method included 

driving the analyte birds into fits of murderous rage.  To reduce the general administrative 

inconvenience associated with graduate student fatalities, the standard Hitchcockian method was 

modified to include an initial separation and preconcentration step that minimized the potential for 

avian-human conflict.  The distillation scheme for achieving sample collection and preconcentration 

is depicted in Figure 3.  Each initial sample of forest was collected and placed into a 500 ML 

beaker.  This large beaker was attached to a heptaliter (10 ML) aviary nesting device (HAND), by a 

wide-diameter tube (I.D. = 3 m), and the entire system was hermetically sealed. Coordination of 

efforts between multiple individuals separated by large distances during these preconcentration 

steps was facilitated through a system of simple hand gestures, referred to as giving one another the 

bird.9  The higher vapor pressure of birds compared to trees led to fairly rapid equilibration (within 
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a few days) between the bird populations in the two containers, with virtually no tree or bush 

component in the HAND.  Because of preferential partitioning of birds into the beaker containing 

foliage, the equilibrium concentration of birds was approximately two birds in the bush for every 

one in the HAND.  Following distillation, the HAND was removed, and its contents were 

suspended in a phosphate buffer solution and analyzed.  Following data acquisition and analysis, the 

birds were returned to their natural environment.  

  

Results and Discussion 

 A Hitchcock plot acquired during the bird distillation is shown in Figure 3.  The 

characteristic Hitchcock time constant τH describes the rise and plateau to maximum bird 

concentration during the distillation (Figure 4).  The many twists and turns evident in Figure 4 are 

characteristic of Hitchcock plots.4 An unintended spike in the bird concentrations above the Bates 

Plateau10 resulted in the deaths and/or maimings of several researchers, as described in the 

Experimental section, and should generally be avoided. 

 Prior to analysis of native bird populations, a series of standard samples was suspended in 

low-conductivity buffer solutions to generate bird calibrations curves.  Although there was some 

variation across specie, the instrument consistently yielded linear dynamic ranges spanning 

approximately four decades, with bird detection limits in the attomole range. 

 Following instrument characterization and calibration, 2D electrophoresis measurements 

were performed on Hawaiian bird samples.  Bird samples were collected using the modified 

Hitchcockian avian fractional distillation method as described in the Experimental section.  The 2D 

electropherograms for a representative standard and sample are shown in Figure 5.  Measurements 

were also performed on isolated samples of four different classes of birds: adolescent (less than 1 
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year old) females, adolescent males, mature females, and mature males. Compared with the other 

three classes of birds, a statistically significant propensity for flocking was observed in the 

population of mature females, which will be referred to as mother-flockers.  

 The 2D electrophoresis measurement of bird standards revealed some interesting trends.  

The distance traversed during the SDS-PAGE step of the electrophoretic separation is indicative of 

the bird “size”, or more precisely the weight and obesity / restricted mobility (WORM) factor.11  

The larger and denser birds eluted more slowly during the SDS-PAGE separation, and their 

motilities were not consistent with the WORM model.  In contrast, the smaller birds eluting further 

and earlier were well described using the WORM approach, indicating a clear correlation between 

early birds and WORMs.   

 Analysis of the gel electropherograms represented in Figure 5 indicated another intriguing 

correlation between different bird properties.  Looking down a column (representing SDS-PAGE 

separation), most columns contained only a single fluorescent spot.  This aspect of the separations 

suggests that the isoelectric focusing yielded a single well-defined bird population at each pH.  

Given that a bird’s electrophoretic mobility is often dominated by the charge characteristics of its 

feathers,11 these results suggest that birds with the same feathers flocculate together. 

 Measurements of multiple native Hawaiian bird populations provided some evidence for 

correlated bird concentrations (i.e., flocking behavior).  Statistical treatment of the results from 27 

different samples produced distributions in bird populations that could not be described assuming 

uncorrelated populations.   Furthermore, significant variations were observed across bird types.  For 

some specie, flocking behavior was clear, while for others little if any evidence for flocking was 

present.  Although the limited number of samples did not allow for unequivocal elucidation of the 
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underlying mechanism behind bird flocking, these results are the first to our knowledge that provide 

direct evidence confirming that in some instances birds of a feather do flock together. 

 

Conclusions 

 Two-dimensional electrophoresis measurements of standard and native bird populations 

demonstrated correlations between bird feathers, flocculation behavior, and populations in native 

samples.  From the results of these flocking experiments, clear evidence was present supporting the 

axiom “birds of a feather flock together” in some specie, while in other bird specie no detectable 

flocking behavior was observed.  Experimental studies on standard bird samples demonstrated what 

appears to be a general trend in isoelectric focusing of birds; specifically, birds of a feather 

flocculate together.  Continuing studies in our laboratory are focused on answering the question: 

“Do urban and rural bird populations, being of similar feather, still flock together?”  The potential 

influence of environmental conditions (e.g., rain pH, ozone levels, etc.) shall be examined in an 

effort to develop a more encompassing unified bird theory (UBT). 
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Figure 1.  Schematic of the instrument used for bird electrophoretic 
separation.  As indicated by the arrow, negatively charged birds will 
migrate toward the positive pole.   

(-) (+) 
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Figure 2.  Avian samples after Hitchcock distillation and preconcentration 
(adapted from Ref. 4). 
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Figure 3.  Schematic of the HAND apparatus employed for bird distillation and 
preconcentration. 
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Figure 4.  Hitchcock plot of bird distillation, indicating the time dependence of the bird 
population in the collection HAND. 
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Figure 5.  Representative two-dimensional electropherograms of avian 
standards (a) and Hawaiian bird samples (b).  Bright spots indicate 
regions of high fluorescence.  Isoelectric focusing was performed along 
the horizontal axis, and SDS-PAGE along the vertical axis. 
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