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ABSTRACT 
 

Development of a Minimally Invasive Sampling Technique to Estimate the Age of Living 
Birds       

 
Crissa K. Cooey 

 
Using pest species in initial studies of pentosidine (Ps) aging research for birds may be the 
catalyst to discovering more effective population control strategies for pest, invasive, and hard to 
manage birds.  Pentosidine is an irreversible, stable, fluorescent, collagen cross-link, created 
through the Maillard reaction, which has been found to accumulate throughout the lifetime of an 
organism in various body parts such as skin, lens crystalline, and dura matter.  Pentosidine assays 
are more accurate at determining the age of adult birds in comparison to plumage coloration, eye 
and mouth color, feather wear, and molt sequences due to the discovery that Ps accumulates with 
age in the skin of birds.  Past studies, however, have only taken place on deceased birds.  To be 
considered a more generally useful tool for wildlife management studies, a procedure to obtain 
skin samples from living birds is needed.  The objective of this project was to develop a 
minimally invasive sampling technique to age live birds through Ps analysis by 1) determining if 
differences exist in Ps concentration between the breast and patagium of black vultures 
(Coragyps atratus), monk parakeets (Myiopsitta monachus), and double-crested cormorants 
(Phalacrocorax auritus), 2) determining if differences exist in Ps concentration of 6 mm2 and 20 
mm2 skin samples, and 3) determining if healing rates differ between the breast and patagium 
and between wounds closed with tissue glue and wounds closed with sutures.  Pentosidine 
concentrations were similar between the breast (x̄ = 8.9 pmol/mg collagen, SE = 0.55) and 
patagium (x̄ = 8.9 pmol/mg collagen, SE = 0.51) of black vultures (P = 0.97) as well as the breast 
(x̄ = 11.2 pmol/mg collagen, SE = 1.10) and patagium (x̄ = 10.6 pmol/mg collagen, SE = 1.10) of 
deceased double-crested cormorants (P = 0.10).  Pentosidine, however, was significantly higher 
in the breast (x̄ = 15.9 pmol/mg collagen, SE = 1.30) than the patagium (x̄ = 11.5 pmol/mg 
collagen, SE = 1.10) of monk parakeets (P < 0.0001).  The Ps concentration was marginally 
higher in 6 mm2 skin samples (x̄ = 12.6 pmol/mg collagen, SE = 1.19) when compared to 20 
mm2 skin samples (x̄ = 11.3 pmol/mg collagen, SE = 1.23) of cormorants (P = 0.02).  Four new 
age curves were developed for cormorants (our linear breast skin age curve, our curvilinear 
breast skin age curve, our linear patagial skin age curve, and our curvilinear patagial skin age 
curve) and compared to the original Fallon age curve.  Age estimates and actual ages for 
cormorant breast and patagial skins were found to be similar when using our linear and 
curvilinear breast and patagial skin age curves, but there were significant differences between 
actual and estimated ages for breast and patagial skin when using the Fallon age curve (P 
<0.0001 and P <0.0001 respectively).  The mean estimated ages for all 5 age curves were found 
to be accurate to within approximately 1½ years (17.4 months).  For 6 mm2 skins, there was a 
marginal difference between real and estimated age when using our curvilinear patagial curve (P 
= 0.04), but real and estimated ages were similar for 6 mm2 skins using our linear patagial curve 
and 20 mm2 skins using our linear and curvilinear patagial curve.  The mean estimated ages for 
the 2 age curves were found to be accurate to within approximately 2½ years (28.3 months).  
Seven living cormorants were caught at Bluff Lake, part of Noxubee National Wildlife Refuge in 
Mississippi, and were used to test the live sampling protocol.  After a 6 mm2 biopsy was 
removed from the breast and patagium, the birds had their wounds closed with either tissue glue 



 
 

 
 

(n = 3) or sutures (n = 4).  Wounds closed with tissue glue (x̄ = 14.5 days, SE = 1.12) healed 
significantly faster than those closed with sutures (x̄ = 17.3 days, SE = 0.66) (P = 0.0003) but the 
healing rate was similar for the breast (x̄ = 15.9 days, SE = 1.36) and patagium (x̄ = 15.8 days, 
SE = 1.85) (P = 0.79).  Our finding is that live sampling can be safely done for live birds.  Our 
recommendations are to live sample birds from the patagium with a 6 mm2 biopsy punch and to 
close the wounds with tissue glue.  Use of this technique could provide insight into senescence, 
reproductive success, and behavioral changes for different adult age classes as well as improve 
management strategies for pest and endangered/threatened species.   
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2008 (day 17 post sampling) at the USDA Wildlife Services holding facility in Starkville, MS, 

USA.  The skin has completely healed. The sutures are still in place and the feather remains 

caught up in the sutures................................................................................................................146 
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RH: Cooey • Literature Review of a Bird Aging Technique 

Literature Review of Pentosidine Analysis as a Method of Estimating the Age 

of Birds 

CRISSA K. COOEY, Wildlife and Fisheries Resources, Division of Forestry and Natural  

     Resources, West Virginia University, Morgantown, WV, 26506, USA          

ABSTRACT  Using pest species in pilot studies of pentosidine aging research for birds may be 

the catalyst to discovering more accurate conservation strategies for endangered and threatened 

birds.  Three species of pest birds (black vultures [Coragyps atratus], double-crested cormorants 

[Phalacrocorax auritus], and monk parakeets [Myiopsitta monachus]) will be used to refine 

pentosidine assay techniques, as well as be used in a live sampling study.  Black vultures are 

considered a pest because of their numerous collisions with aircrafts and livestock depredation.  

Double-crested cormorants are pests mainly due to the damage they cause at aquaculture ponds 

in the southeast U.S.  The introduced monk parakeet will cause some damage to crops, but the 

nests they build are a nuisance and hazard to electrical companies.  Pentosidine assays are more 

accurate at determining the age of adult birds in comparison to plumage coloration, eye and 

mouth color, feather wear, and molt sequences and it takes a shorter amount of time to complete 

than banding studies.  Pentosidine is an advanced glycation end product created through the 

Maillard reaction.  It is an irreversible, stable, fluorescent, collagen cross-link that has been 

found to accumulate throughout the lifetime of an organism in various body parts such as skin, 

lens crystalline, and dura matter.  Past studies have discovered that pentosidine accumulates with 

age in the skin of birds, which makes it a promising biomarker that can be used to estimate the 

age of birds.  A minimally invasive sampling method will need to be created before live 

sampling birds for pentosidine assays takes place.  Considerations include the size of the skin 
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sample taken, the location of the biopsy site, and the closure method for the wound.  If 

pentosidine assays prove to be successful in aging living birds, this procedure could be valuable 

for research on migration, senescence, cooperative-breeding, life-table demographics, pest 

management, and conservation of birds.  The following studies will investigate the optimal 

location to take a skin sample and the minimal size of skin that can be taken.  Live sampling one 

of the pest species will also take place to determine if this is a feasible procedure to be used on 

living birds, as well as determine which closure method works the best for treatment of the 

wounds.   

KEY WORDS advanced glycation end products (AGEs), avian aging, breast skin, Coragyps 

atratus, Maillard reaction, Myiopsitta monachus, patagium, pentosidine, pest species, 

Phalacrocorax auritus, skin samples 

The Journal of Wildlife Management: 00(0): 000-000, 200X 

Determination of age in individual birds can provide important information with respect to their 

biology and behavior.  For example, zoologists working in captive breeding programs have been 

trying to identify factors in individuals important to enhancing the success of breeding programs.  

The oriental crested ibis (Nipponia nippon) captive breeding program was proven more 

successful when matched pairs had similar ages (Fulai et al. 1995).  Fulai et al. (1995) 

commented that the youngest matched pair was unsuccessful, because they may not have been at 

the correct breeding age.   

 Pest species may be the catalyst for developing aging models and refining methods 

including aging endangered or threatened species in Species Survival Programs (SSPs).  Certain 

methods of sampling for pentosidine (Ps) assay require destructive sampling of study subjects.  

Because some pest species are abundant and managed by lethal means, skin samples are 
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relatively easy to obtain.  Samples from these pest species provide an opportunity to compare 

skin sampling methods and to refine and evaluate the potential for non-lethal sampling.  If 

smaller non-lethal skin samples can be successfully obtained, then studies can be done in the 

future to determine the age structure of threatened and endangered species without being 

concerned that the sampling method will kill their study species.     

Once a pest species exceeds societal acceptance capacity, management may be initiated 

to control or reduce damages or other nuisance activities.  This wildlife damage management 

sometimes incorporates lethal control measures.  Age estimates prove useful in developing life 

tables, pre-management modeling and to determine how many birds need to be euthanized to 

maintain population levels within social acceptance capacities.  Bird banding studies often take a 

long time to acquire useable age structure data.  Aging a random sample of birds by analyzing 

pentosidine in their skin will give information on the age structure of the population quickly 

(within a matter of months instead of years).  

For the purpose of this study, we are using 3 pest species (black vultures [Coragyps 

atratus], double-crested cormorants [Phalacrocorax auritus], and monk parakeets [Myiopsitta 

monachus]) to determine if pentosidine assays are a viable aging method for living birds.  If it is, 

this method could be used to acquire an understanding of the biology of species of interest as a 

necessary precursor to the development of efficient and effective wildlife management and 

conservation strategies.   

STUDY SPECIES 

Black Vultures 

General Description.- Black vultures are New World vultures and are part of the Cathartidae 

family, opposed to the Old World vultures, which are part of the Accipitridae family (Proctor 
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and Lynch 1993).  They are found in the southeastern United States, ranging from Pennsylvania 

to Texas, with a separate range from southern Arizona into South America (Cornell Lab of 

Ornithology [CLO] 2007, U.S. Geological Survey [USGS] 2007a).   They are approximately 56 

cm long with a 137 cm wingspan (CLO 2007, USGS 2007a).  Black vultures are entirely black, 

with the exception of white outer primary feathers and a gray unfeathered head, neck, and legs 

(CLO 2007, USGS 2007a).  Both the juveniles and the adults have similar plumage (CLO 2007, 

USGS 2007a).  They also have a short, squared off tail and a dark, hooked beak (CLO 2007, 

USGS 2007a).  While soaring, typically in flocks (CLO 2007), they hold their wings flat (USGS 

2007a).  They will flap their wings more frequently in flight before soaring again, compared to 

turkey vultures (Cathartes aura) (Avery and Cummings 2004, CLO 2007, USGS 2007a).  The 

black vulture's call is described as hisses, grunts, or barks (CLO 2007, National Wildlife 

Federation [NWF] 2007).  Instead of retreating to individual nests, they form large communal 

roosts at night, throughout the year (Rabenold 1986).  Black vultures have been reported to live 

as long as 25 years (USGS 2007b).   

Reason for Study.- Breeding bird surveys (BBS) have indicated that black vultures have been 

steadily increasing at a rate of 2.99% yearly since 1967, but rates rose to 4.97% annually from 

1990 to 2002 (or 5.97% annually since 1990 according to the Christmas Bird Count [CBC]) 

(Avery 2004).  Black vultures are considered pest species because of the damage they do to 

homes and businesses from roosting (Fitzwater 1988), colliding with aircraft (Dolbeer et al. 

2000, DeVault et al. 2005), and depredating livestock and poultry (Avery and Cummings 2004).  

Black vultures like to roost on utility poles, power station transmitters, and private residences, 

making them undesirable “neighbors” (Fitzwater 1988).  Vultures favor airports because of 

abundant road kill on the tar mats and on the roads leading to the facility and because they like to 
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soar on thermals created by warm air rising from the runways at airports (Satheesan and 

Satheesan 2000).   In Fort Myers, FL, vultures perch on Low Level Wind-shear Alert Systems 

(LLWAS), often damaging the structures (Avery and Genchi 2004).  Black vultures create a live 

barrier while soaring in flocks; this combined with their body mass and poor reflexes make black 

vultures extremely dangerous to aircrafts (Satheesan and Satheesan 2000).  Black and turkey 

vultures are considered the top threat to civil and military aircraft collisions in the U.S. (Dolbeer 

et al. 2000).  Between 1955 and 1999, 33 aircraft crashes (27 military and 6 civil) were caused 

by collisions with 7 different species of vultures throughout the world (Satheesan and Satheesan 

2000).  In 11 of these crashes, 21 lives were lost (Satheesan and Satheesan 2000). In the U.S 

black vulture collisions with aircrafts result in $10-17 million in damage per incident (Satheesan 

and Satheesan 2000).   Although most collisions occur in the airfield environment (e.g., fighter 

jet crashes occurred most often during low level cruise [Satheesan and Satheesan 2000]), many 

collisions have been found to cause substantial damage during mid-flight (Dolbeer et al. 2000).  

This indicates that vulture populations need to be controlled not only at the airport, but also in a 

designated radius around the airport (e.g., removing food sources in a 200 km radius around a 

military airfield reduced populations of vultures in India) (Satheesan and Satheesan 2000).   

 Vultures not only feed on carrion, but they will attack, kill, and eat domestic animals 

(Avery and Cummings 2004).  Eighteen states reported black vulture depredations from 1997 to 

2002 (Avery and Cummings 2004).  Over half of the kills involved cattle, with many kills 

involving young and newborn calfs (Avery and Cummings 2004).  Kills typically involve 20-60 

black vultures (Avery and Cummings 2004).  Methods to keep vultures away from cattle include 

harassment by firing a .22 caliber rifle, removing dead livestock and road-killed animals from the 



7 Cooey  
 

area, roost dispersal with effigies, trapping and relocation, and lethal control (Avery and 

Cummings 2004).  

Double-crested Cormorants 

General Description.- Double-crested cormorants (hereafter cormorants) range from Alaska, 

Manitoba, and Newfoundland south to Mexico and the Bahamas (CLO 2007, NWF 2007, USGS 

2007a).  They are approximately 69 cm long, with a wingspan of 127 cm (CLO 2007, USGS 

2007a).  They are a large bodied waterbird, with a long, thin neck, long, hooked bill, and long 

tail (USGS 2007a).  Adults are entirely black, with the exception of an orange throat patch, and 2 

black to partially or mostly white tufts of feathers (or crests) behind their eyes during the 

breeding season (CLO 2007, NWF 2007, USGS 2007a).  The plumage can appear to have a 

green tinge to it in certain lighting (CLO 2007).  Juveniles have brown plumage with a buffy 

breast, upper abdomen, and neck (CLO 2007, NWF 2007).  Cormorants are often seen perching 

with their wings spread, a behavior where they are trying to dry themselves (CLO 2007, USGS 

2007a).  While in flight, double-crested cormorants have a slight crook in their neck, which 

distinguishes them from the other species of cormorant (CLO 2007, NWF 2007).  Their call is 

described as a deep guttural grunt (CLO 2007, NWF 2007, USGS 2007a).  Cormorants are 

known to live as long as 22 years (USGS 2007b). 

 They nest in colonies in trees or on cliffs near lakes, rivers, swamps, or coasts (CLO 

2007, NWF 2007), or on the ground of isolated islands (CLO 2007).  Cormorants make their 

nests out of sticks, seaweed, and man-made materials such as rope, fishnets, and plastic debris 

(CLO 2007, NWF 2007).   

Reason for Study.- Cormorants were once a species of concern when environmental 

contaminants reached levels affecting cormorant populations regionally (Ludwig et al. 1989).  
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Consequently cormorants were placed under the protection of the Migratory Bird Treaty Act in 

1972 (Glahn et al. 2000b).  Regulatory protection from persecution, reduction in the use of 

pesticides (Tyson et al. 1999), and increased food availability, due to anthropogenic changes in 

the Great Lakes and man-made reservoirs, likely helped with a resurgence in cormorant numbers 

(Weseloh et al. 1995).  The cormorant nesting population in the Great Lakes increased from 89 

nesting pairs in 1970 to about 93,000 pairs in 1997 (Tyson et al. 1999).   During this time, 

cormorants started inhabiting areas south of their original range, eventually leading to their 

colonization of Mississippi, Louisiana, Arkansas, and other southern states (Post and Seals 

1991).   

 Sport fishermen in the Great Lakes are competing with cormorants for fish (Glahn et al. 

2000b), because cormorants feed primarily on fish (CLO 2007).  Wildlife managers are 

concerned with waterbird/cormorant competition over limited space and resources (Glahn et al. 

2000b). Along with increased aquaculture cultivation of channel catfish (Ictalurus punctatus), 

crawfish, and baitfish, cormorant numbers have increased significantly over the past 25 years 

(Glahn and Stickley 1995).  In 1998 there was an estimated 60,000 cormorants wintering in 

Mississippi (Werner and Hanisch 2003).  Glahn et al. (2000a) found that their numbers have 

increased by about 250% in the Mississippi Delta region over this past decade.  The production 

ponds for cultured fish in this area are highly susceptible to predation, especially by cormorants 

(Wywialowski 1999), with more foraging taking place at high density fish ponds (Werner and 

Dorr 2006).  Increased winter survival of juveniles from readily available catfish and higher fat 

reserves of spring migrating adults may have contributed to cormorant population growth (Glahn 

and Brugger 1995).   Glahn et al. (2002) estimated that cormorants are causing up to $25 million 

in damage annually from feeding at catfish aquaculture farms in the southeast United States.  
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Management practices, such as harassment, has proven difficult mainly because the result is only 

a temporary reduction in cormorant numbers (Mott and Boyd 1995).  The U.S. Fish and Wildlife 

Service (USFWS) expanded the 1998 Public Resource Depredation Order (50 CFR 21.47) to 

allow removal of individuals from roosts near the aquaculture facilities (USFWS 2003).   The 

only management method that has shown positive results so far is a combination of techniques, 

such as nest removal and harassment (Taylor and Dorr 2003). 

Monk Parakeets 

General Description.- Monk parakeets (also known as Quaker, cliff and gray-breasted parakeets) 

are a species of parrot that originated from central Bolivia, central Argentina and southern Brazil 

(Campbell 2000, Avery et al. 2002).  They are approximately 28 cm long with a 48 cm 

wingspan, and weigh about 100 grams (Campbell 2000, NWF 2007).  Females tend to be 10-

20% smaller than males (Campbell 2000).  They have bright green upperparts, their forehead and 

breast are gray, and the rest of the under parts are light green or yellow (Campbell 2000, NWF 

2007).  Their flight feathers are dark blue, and their tail is long and tapering (Campbell 2007, 

NWF 2007).  They also have an orange bill (NWF 2007).  Their call is a loud and throaty graaa 

or skveet (Campbell 2000, NWF 2007).  Monk parakeets can live upwards of 6 years in the wild 

and 12-15 years in captivity (Pruett-Jones et al. 2007). 

 The monk parakeet is the only parrot that builds a stick nest, in a tree or on a man-made 

structure, rather than using a hole in a tree (Campbell 2000, NWF 2007). This species often 

breeds colonially, building a single large nest with separate entrances for each pair (Campbell 

2000, Avery et al. 2002, Tillman et al. 2004, NWF 2007). In the wild, the nests can become quite 

large (i.e., 1- 4 m in diameter) (Campbell 2000, Avery et al. 2002, Tillman et al. 2004).  
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Reason for Study.- This species of bird has been used in the pet trade industry for at least the past 

50 years.  Because of that they have been introduced into the United States, beginning in the 

1960s, from accidental or purposeful releases from former owners and pet store workers (Avery 

et al. 2002).  In 1969, monk parakeets were reported as breeding in Miami, Florida (Stevenson 

and Anderson 1994).  From 1971 to 1995, Christmas Bird Count (CBC) surveys documented 

1,816 individuals from 76 populations in 15 states (van Bael and Pruett-Jones 1996).  Population 

dynamics for this species fit an exponential model of population growth after analyzing the data 

(van Bael and Pruett-Jones 1996).   

 Their increasing numbers alone isn't the only problem in relation to human and animal 

interactions.  They have the potential to spread Newcastle disease, but no literature has been 

published on this occurring in the U.S. (Fitzwater 1988).  In their native South America, they are 

heavily regarded as agricultural pests, feeding on a variety of foods, including fruits (Mott 1973).  

They cause little damage, however, to agriculture in the United States (Avery and Tillman 2005).  

Their nest locations have given them a reputation for being a pest species in the U.S.  They are 

especially fond of building nests on utility poles, transmission line support towers, and electric 

substations (Avery et al. 2002, Tillman et al. 2004).  The sheer size of the nest and the materials 

it’s made from can take its toll on the function of the transformers (i.e., the nest can result in 

arcing of current which causes damage to structures) (Avery et al. 2002).   Damage can also 

occur when the nest materials get wet and inadvertently cause a short circuit, which results in a 

power outage (Avery et al. 2002, Avery and Tillman 2005).  In 2001, monk parakeets created 

damages for electrical companies that totaled $585,000 (A. Hodges and C. Newman, 

unpublished data).  Direct economic damages brought on by monk parakeet nests includes: 1) 

lost profit during outages, 2) costs of repairing equipment and restoring power, 3) costs for 
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mitigating monk parakeet populations, 4) indirect costs for personnel attending to the problem, 

and 5) costs to customers for loss of electricity (Avery et al. 2002).   

 Several remedies have been used to prevent monk parakeets from nesting on these man-

made electrical structures that have met some success: 1) nest and bird removal, 2) owl effigies, 

and 3) laser beams (Avery et al. 2002).   The introduction of an endemic protozoan parasite (i.e., 

Sarcocystis falcatula) may be a possible mitigation tool (Avery et al. 2002).  This protozoan is 

lethal to psittacines but is not harmful to native birds of Florida (Avery et al. 2002).  Another 

promising tool is feeding the parakeets the contraceptive diazacon (G. D. Searle Co., Omaha, 

Nebraska) (Yoder et al. 2007, Avery et al. 2008).  Diazacon laced food has been effective in 

reducing reproductive success of monk parakeets both in the laboratory (Yoder et al. 2007) and 

in the wild (Avery et al. 2008).  Most likely, some form of lethal removal will be necessary to 

control monk parakeet populations (van Bael and Pruett-Jones 1996).   

COMPARISON OF AVIAN AGING METHODS 

Researchers have developed several methods of aging birds, but they have proved to not 

be accurate past a certain age.  Heinrich and Marzluff (1992) studied the change in mouth and 

tongue color to age common ravens (Corvus corax) from hatchlings to adults (3+ years).  

Changes in iris color in the Cooper’s hawk (Accipiter cooperii) from yellow to orange to red 

have been used to age them as a juvenile or adult (Fagan 2008).  “Skulling” or looking at the 

development and fusion of the bones in the skull is a way to age passerine birds up to about 6 

months of age (Proctor and Lynch 1993).  Plumage coloration and molt patterns also help 

identify a bird's age.  For example, it takes approximately 5 years for the bald eagle (Haliaeetus 

leucocephalus) to develop a full white head (Dixon 1909).  Jackson et al. (1992) studied age 

specific plumage characteristics and annual molt schedules in hermit (Dendroica occidentalis) 
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and Townsend's warblers (Dendroica townsendi).  They observed that immature Townsend’s 

warblers had well defined shaft streaks on their throat while the adults had faint or no shaft 

streaks (Jackson et al. 1992).  If a certain species of bird will have 2 adult plumages in its 

lifetime, you can age these birds up to 3 years of age by looking at their plumage patterns 

(Amadon 1966, Jackson et al. 1992, Proctor and Lynch 1993, Thompson and Leu 1994).  For 

birds with 2 alternating adult plumages, a breeding and non-breeding, the only way to transition 

from one plumage to another is by molting (Amadon 1966, Thompson and Leu 1994). Johnson 

(1963) found that molt sequences and schedules are rarely the same in any 2 species, and may be 

different for northern and southern birds of the same species.  Along with comparing plumage 

coloration and molting patterns, some investigators look at feather wear to age birds (Saether et 

al. 1994).  The primary feathers are examined for nicks or missing tips and barbule and hook 

wear (i.e., ability to reconnect the barbs) (Saether et al. 1994).  This has been a reliable method 

of aging birds as either young or old (Saether et al. 1994).   A disadvantage of the 

aforementioned methods is they are only reliable between 1 year (in shorter lived birds) and 

about 5 years of age (in longer lived birds).   

Bird banding records can provide accurate ages for some, if not most, birds (Pollock and 

Raveling 1982, Sheaffer and Malecki 1995).  At the time of banding, the correct age of the bird 

needs to be recorded for accurate age estimates when recaptured seasons later (Pollock and 

Raveling 1982, Sheaffer and Malecki 1995, USGS 2003).  This is easiest to do when the birds 

are still juveniles (Nisbet 2001), but as mentioned above, aging is difficult to do for adult birds 

by looking at external features.  Obtaining accurate ages from banding records is time consuming 

(years of banding and recapturing), expensive (cost of supplies, equipment, salaries) (Pollock 

and Raveling 1982, Sheaffer and Malecki 1995), cannot always be done (few recaptures or band 
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loss) (Coluccy et al. 2002), may not always be accurate (misidentifying correct age at banding) 

(USGS 2003), and can only take place on living birds (Pollock and Raveling 1982, Sheaffer and 

Malecki 1995) but other data such as site fidelity, migration patterns, etc. also can be obtained 

simultaneously (Pollock and Raveling 1982).   

Alternative methods of aging birds have been studied over the past several decades.  

Focus has shifted from external examination to internal examination.  Biomarker research 

appears to be promising for aging birds.  Biomarkers, which show indications of biological age, 

correlate with chronological age (Ingram et al. 2001).  One study involved looking at the 

shortening of telomeres as an indication of age in birds (Haussmann and Vleck 2002, Haussmann 

et al. 2003, Juola et al. 2006).   Telomere restriction fragments (TRFs) have been documented to 

shorten with age in Adélie penguins (Pygoscelis adeliae), common terns (Sterna hirundo), tree 

swallows (Tachycineta bicolor), zebra finches (Taeniopygia guttata) (Haussmann and Vleck 

2002, Haussmann et al. 2003) and great frigatebirds (Fregata minor) (Juola et al. 2006) but 

lengthen with age in the Leach’s storm-petrel (Oceanodroma leucorhoa) (Haussmann and Vleck 

2002, Haussmann et al. 2003).  Unfortunately this method is not always reliable as no linear 

relation was found for TRF lengthening or shortening and time for the European shag 

(Phalacrocorax aristotelis) or wandering albatross (Diomedea exulans) (Hall et al. 2004).   

Non-renewable structures, such as collagen, typically have the most noticeable age-

related changes (Kohn and Schnider 1982).  With age, there is a loss of elasticity in skin, arteries, 

lungs, and joints due to structural change in collagen (Kohn and Monnier 1987). Collagen in 

these tissues becomes less soluble, less digestible by collagenase, less expandable, and more 

resistant to heat denaturation with increasing age (Schnider and Kohn 1982).  A more reliable 
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biomarker for bird aging may be a collagen crosslink.  One collagen crosslink, known as 

pentosidine, is created by the Maillard reaction.   

MAILLARD REACTION, ADVANCED GLYCATION END PRODUCTS (AGES), AND 

PENTOSIDINE  

 Louis Camille Maillard (1912) discovered that by slowly heating 1 part glycine and 4 

parts glucose together in water, the concoction turned a yellow-brown color after 10 minutes.  

This discovery led to the description of the Maillard, or nonenzymatic glycosylation, reaction.  

The Maillard reaction has been studied extensively to explain the occurrence of yellowing in 

long-lived proteins such as collagen and lens crystalline (Monnier and Cerami 1981).  The 

Maillard reaction begins when a sugar aldehyde or ketone and a free amino group react through 

nonenzymatic condensation (Monnier 1989).  A Schiff base with a free amine forms from this 

reaction, rearranging to create the Amadori product, a stable ketamine configuration (Monnier 

1989, Sell et al. 1998).  The Amadori product then undergoes a series of complex reactions, 

which leads to the formation of polymeric, yellowish, fluorescent, and crosslinking materials 

known as advanced glycation end products or AGEs (Sell et al. 1998).  These products are 

irreversible chemical modifications of protein (Sell and Monnier 1989b), thermodynamically 

stable, and accumulate in long-lived biological molecules (Monnier 1989).  At this point the 

Maillard reaction would be terminated in vivo, but if the Maillard reaction terminates in vitro, 

polymerization occurs, creating brown solutions, rich in melanoidins (Monnier 1989).   

 Pentosidine is a recently discovered fluorescent AGE, first isolated from human dura 

matter in 1989 (Sell and Monnier 1989a).  It is formed from the reaction of a sugar (i.e., glucose, 

fructose, or ascorbate) with a protein (Grandhee and Monnier 1991).  Glucose itself or Amadori 

adducts of glucose and protein also can be sources of pentosidine (Dyer et al. 1991).  
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Pentosidine’s structure consists of a ribose molecule crosslinked with a lysine and arginine 

residue (Figure 1) (Sell and Monnier 1989b).  Pentosidine has been found in a variety of tissues 

and organs, such as the lung, aorta, kidney glomeruli, trachea, heart muscle, dura matter, bone, 

lenses, human fibroblasts and glomerular mesangial cells (Monnier et al. 1993).  Pentosidine also 

has been found to accumulate with age in the skin of a variety of mammals, such as humans, 

shrews, dogs, cows, pigs, and monkeys (Sell et al. 1996), and more recently birds (Iqbal et al. 

1999, Chaney et al. 2003, Fallon et al. 2006a,b).  Recent research has shown that pentosidine has 

accelerated the aging process in diabetic humans (Sell and Monnier 1990, Sell et al. 1992, Sell et 

al. 1998).  Advanced glycation end products alter the structural properties of tissue proteins and 

reduce their susceptibility to catabolism (Sell and Monnier 1990).  These changes contribute to 

the aging of tissues, which cause the development of diabetic complications through 

advancement by hyperglycemia (Dyer et al. 1993). Diabetic patients had Ps concentrations above 

the 95% CI for nondiabetic patients of the same age (Sell et al. 1992).  All of this research 

suggests that Ps might be the key to the aging process (Iqbal et al. 1999) and has been proposed 

to serve as a senescence crosslink.   

PENTOSIDINE ACCUMULATION IN AVIAN SKIN 

Mammals have been reliably aged in the past through teeth wear, graying of hair, and 

wrinkling of skin (Finch 1976), and pentosidine concentration analysis only strengthened the age 

estimate.   Iqbal et al. (1999) proposed that birds could be aged through pentosidine 

concentration analysis from skin samples.  Iqbal et al. (1999) discovered that pentosidine 

accumulated in a linear fashion with age in euthenized broiler breeder chickens (Gallus gallus 

domesticus) skin, but noticed that Ps concentration in avian skin was 1,000 fold lower than in 

mammalian skin.  This observation could explain why birds live a lot longer than mammals of 
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similar size.   Birds have higher metabolic rates (2.5 times higher), higher body temperatures (3o 

C higher), and higher plasma glucose (2-6 times higher) than mammals, which typically 

accelerates the aging process (Iqbal et al. 1999).  Research by Chaney et al. (2003) found that 

pentosidine increased linearly with age in various species of wild birds (R2=0.73), further 

supporting Iqbal’s claims that pentosidine can be used as a biomarker for chronological age in 

birds.   

Verzijl et al. (2000) calculated that the first reasonable estimates of half-lives of cartilage 

collagen and skin collagen were 117 years and 15 years respectively. This suggests that 

pentosidine concentrations, being an irreversible protein modification that accumulates with age, 

can be determined from collagen years after an individual has been deceased.  Fallon et al. 

(2006a) were the first to investigate if Ps could be obtained from study skins.  Pentosidine 

concentrations obtained shortly after death were not significantly different from pentosidine 

concentrations obtained 1 year after the study skin was prepared (Fallon et al. 2006a).  Fallon et 

al. (2006a) also were the first to discover that pentosidine concentrations may vary in different 

body parts.  They discovered that Ps had higher concentrations in the thigh and wing compared 

to the breast (Fallon et al. 2006a).  Finally, Fallon et al. (2006b) discovered that pentosidine 

accumulates faster in shorter-lived birds and slower in longer-lived birds.  This suggests that an 

age curve must be created for each species, or at least each taxonomic order of birds to give 

accurate age estimates. It would not be wise to use an age curve for a ruffed grouse (Bonasa 

umbellus) (life span up to 10 years in captivity [Fallon et al. 2006a]) to age macaws 

(Anodorhynchus hyacinthinus) (life span up to 75 years, but average 40-50 years [Mijal 2001]).   
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MINIMALLY INVASIVE SAMPLING 

It is important for biologists to use a sampling technique that will be as minimally 

invasive as possible when sampling wildlife (Griffin and Gauthier 2004).  Sometimes the 

slightest change to an individual can cause drastic effects to occur.  The slightest damage to an 

appendage in males of certain species may result in poor or no reproductive success for that 

individual.  For example, black grouse (Tetrao tetrix) will select mates based on tail length 

(Rintamāki et al. 1997).  By damaging the symmetry of a particular individual, in this case 

damaging the tail feathers, it is possible to cause the most “fit” individual to not produce any 

offspring (Moller and Thornhill 1998).  This may result in next year’s age class having genetic 

phenotypes significantly different from their parent's age class phenotypic demographics. Birds 

have few sensory cells in their skin (Proctor and Lynch 1993), so taking a skin sample shouldn't 

cause a lot of pain.  Nonetheless, it is important to keep discomfort to a minimum when taking 

samples from living organisms.  Traumatized animals may show a change in their normal 

behavior, which can defeat the purpose of a particular study (Griffin and Gauthier 2004).  

Animals that experience pain when they are released may become weakened and less alert, 

making them an ideal target for most predators (Griffin and Gauthier 2004).   This could be 

detrimental to a study if it involves endangered or threatened species.  

A well thought out procedure will need to be developed before taking skin samples from 

living wild birds becomes a viable wildlife aging technique (Griffin and Gauthier 2004).  A 

variety of biopsy instruments can be used to obtain skin samples.  Karesh et al. (1987) 

investigated whether skin biopsies could be obtained from large mammals (e.g., gorillas [Gorilla 

gorilla]) in captivity, with no restraint of the animal, by shooting a biopsy instrument out of a 

dart pistol or rifle.  Silverman et al. (2007) took skin biopsies in dogs using monopolar 
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electrosurgery, CO2 laser, radiowave radiosurgery (RWRS), a scalpel, and biopsy punches.  Of 

these instruments, skin charring did not occur on samples taken with the scalpel or biopsy punch 

(Silverman et al. 2007).  For a study on birds, a biopsy punch may be the best instrument to use 

in sample collection.  Biopsy punches come in a variety of sizes (1 mm – 8 mm diameter) and 

take consistently sized circular pieces of skin every time, requiring no additional measuring.  

Biopsy punches are readily available and are economically priced for field research.  Using a 

biopsy punch to take a skin sample from wild birds will take only the required amount of skin 

needed for analysis.  Samples can be taken quickly and accurately, causing the least amount of 

stress and discomfort on the birds (Nett et al. 2003).  It is suggested that only a 6 mm2 sample of 

skin is needed to determine an accurate age for any given bird (J. A. Fallon West Virginia 

University, unpublished data).   

 Fallon et al. (2006a) found that pentosidine levels can vary in different parts of a bird's 

body.  Skin samples should be consistently taken from the same body part to eliminate variance 

in results.  Fallon et al. (2006a,b) aged birds from skin samples taken from the breast of deceased 

birds. If this sampling becomes a standard practice for living birds, little harm must be done to 

major muscle groups on the bird.  Damaging the pectoralis major muscle of the chest, which 

provides most of the force for a downward stroke in flight, could severely reduce flight 

capability (Proctor and Lynch 1993).  The patagium on the wing of the bird may be a better place 

to sample living birds. There are fewer muscles in the wing and the muscles used in flight are 

located around the sternum (Proctor and Lynch 1993).  There are four patagial areas on the wing: 

1) the prepatagium (hereafter patagium), 2) metapatagium, 3) post patagium, and 4) alular 

patagium (Figure 2) (Lucas and Stettenheim 1972).  The free edge of the patagium is directed 

anteriorly (Lucas and Stettenheim 1972).  The mediocaudal boundary is the anterior margin of 



19 Cooey  
 

the biceps brachii and the distocaudal boundary is the forward edge of the extensor metacarpi 

radialis muscles (Lucas and Stettenheim 1972).  Some of the research will take place with skin 

from this region of the wing.  The patagium has often been used as a location to place permanent 

ID tags.  However, some problems have arisen from using these tags.  The Carnaby's cockatoo 

(Calyptorhynchus latirostris) has become depredated more easily because the tags make them 

more visible to predators (Saunders 1988).  Also, ruddy duck (Oxyura jamaicensis) males with 

patagial tags had fewer successful courtships than males without tags (Brua 1998).  Few birds 

have died from being fitted with a patagial tag (Chapman and Chapman 1990).  An American 

white pelican (Pelecanus erythrorhynchos) was found dead from emaciation when its bill got 

ensnared on the patagial tag (Chapman and Chapman 1990).  However, some species of birds 

have had no problem with being fitted with a patagial tag.  Smallwood and Natale (1998) state 

that the placement of patagial tags had no adverse effect on American kestrel (Falco sparverius) 

health. This suggests that the patagium may be an ideal location to take skin samples.  Patagial 

tags pierce through both layers of skin of the patagium.  A biopsy sample would only require one 

layer of the patagial skin to be removed. The patagium is made up of two layers of skin, some 

tendinous tissue, and the patagialis longus muscle (Proctor and Lynch 1993).  The patagialis 

longus muscle can easily be seen under the skin, so samples can be taken from that area without 

causing harm to that muscle. There are fewer blood vessels in the wing (Proctor and Lynch 

1993).  If the feathers are separated enough and the veins are clearly seen in the patagium, then a 

skin sample can be taken without causing much bleeding.  As with any type of surgery, 

morbidity and mortality can occur (Beal et al. 2000).   By sampling around the veins of the 

patagium, there will be less occurrence of an infection reaching the blood stream, which will 

reduce the chance the bird will die (Beal et al. 2000, Muza et al. 2000).     
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 Inflammation and infection are always risks when taking biopsy samples from any 

organism.  Calrson and Allen (1969) noticed chickens had acute inflammatory reactions occur on 

their wounds.  Typical signs of this response are heat, swelling and redness (Carlson and Allen 

1969).  As the inflammation subsides, lymphocytic hyperplasia may develop (Burke et al. 2002).  

The major concern during the surgical procedure is developing perioperative hypothermia.  

Perioperative hypothermia is known to reduce resistance to bacterial infection (Beilin et al. 1998) 

and increase blood loss (Schmied et al. 1996).  Two ways to avoid developing postoperative 

complications, such as infection, is to keep the surgical duration as short as possible and apply 

anesthesia before cutting into the skin (Brown et al. 1997).  Making the wound site as clean as 

possible also will prevent infection.  In a study of 1,255 dogs and cats, the infection rate was 

only 4.8% when the wounds were cleaned (Beal et al. 2000).  This is close to the 5% human 

infection rates from clean wounds (Cruse and Foord 1980).  If inflammation or infection 

develops, there are several topical medications available that have been used successfully in 

avian treatment.  These include silver sulfadiazine cream, nitrofurazone, gentamicin sulfate 

ointment, enzymatic debridement agents, yeast cell derivatives, camphor spirits, tincture of 

benzoin, and softening agents (Burke et al. 2002).  Medications that are poorly absorbed by 

wound tissues should be avoided if possible including bacitracin, neomycin, and polymixin 

(Burke et al. 2002).   

The biopsy site should also be closed before releasing the animal.  Surgical glue and 

dissolvable sutures (2-0 to 5-0) are two methods of treatment that have been used in fieldwork 

(Small et al. 2004, Schwagmeyer et al. 2005).  Small et al. (2004) used surgical glue to close the 

wound made to place a subcutaneous radio transmitter in white-winged doves (Zenaida asiatica).  

They found no adverse changes in the wounded birds when compared to the control birds (Small 
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et al. 2004).  Both surgical glue and dissolvable sutures were successfully used to close implant 

sites in house sparrows (Passer domesticus) (Schwagmeyer et al. 2005).  Superficial wounds in 

avian skin will heal typically in 10-14 days (Burke et al. 2002).  This information suggests that 

as long as the sampling sites are cleaned and anesthesia is applied beforehand, the procedure is 

done as quickly as possible, and the wounds are sealed afterwards, the researchers do not need to 

worry that many of their subjects will develop inflammation or infections from the wounds.   

IMPORTANCE OF KNOWING AGES IN BIRD STUDIES 

  Age has been a topic of study with migratory birds for years.  Migration is typically done 

more often by females and immature (first winter) birds, whereas males and adult birds (second 

winter and older) are more sedentary (Smith and Nilsson 1987).  Age can be a factor when it 

comes to early or late arrival after migration.  Moller and DeLope (1999) found that 1 year old 

and 5+ year old barn swallows (Hirundo rustica) arrived later from spring migration than the 

birds of ages 2-4 years.  Jones et al. (2002) found that for most species of migratory bird they 

sampled, there was no significant difference in the rate of mass gain at a stopover site with age.  

If the ages of the adult birds were known in this study, Jones et al. (2002) may have discovered a 

significant difference in rate of mass gain.  But for that study, they only grouped the birds as 

adults (AHY) or immature (HY) (Jones et al. 2002). Knowing the age structure of the 

populations in these studies could tell us whether age is the reason why there is a difference in 

body mass for migrants or if there are other factors that influence weight more.   

Cooperative-breeding birds are of interest for many studies. They have delayed 

reproduction, which is a characteristic of many long-lived birds (Brown 1987).  These birds will 

begin breeding at a variety of different ages (Brown 1987).  Knowing the age at their first 

breeding and then calculating their reproductive success over the years could explain if taking 
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Figure 17: Photograph of cormorant 3’s breast wound closed with tissue glue on 22 February 

2008 (day 17 post sampling) at the USDA Wildlife Services holding facility in Starkville, MS, 

USA.  The skin has completely healed, and no scarring has appeared to have taken place.  The 

remaining glue was cut away from the area to assess the wound.   
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Figure 18: Photograph of cormorant 86’s breast wound closed with sutures on 22 February 2008 

(day 17 post sampling) at the USDA Wildlife Services holding facility in Starkville, MS, USA.  

The skin has completely healed.  The sutures have come loose and have nearly been pulled out 

(most likely from preening).  There appears to be no scar where the biopsy took place.  There are 

still some blood stains on the base of a few feathers.   
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Figure 19: Photograph of cormorant 86’s patagial wound closed with sutures on 22 February 

2008 (day 17 post sampling) at the USDA Wildlife Services holding facility in Starkville, MS, 

USA.  The skin has completely healed. The sutures are still in place and the feather remains 

caught up in the sutures.   
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