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ABSTRACT. I constructed track-plates resembling short pine branches and attached them to pairs of neigh- 
boring pine trees distributed over a 1000-ha area in the Colorado Front Range. I checked track-plates after four 
and eight days between 24-31 August 2000 and scored each for the presence or absence of tracks. Half of all track 
plates were marked within four days. I found a positive correlation between scores of paired trees, indicating that 
track-plating accurately reflected the relative abundance of birds among habitat patches. A power analysis showed 
that to test for a 15% difference in bird visitation among habitats with a power of 0.75 required a sample size of 
25 trees. 

SINOPSIS. Cuantificando el uso de habitat de aves en bosques usando "placas de pisadas" 
Construi "placas de pisadas" semejando pequefias ramas de pino y las ate a pares de pinos cercanos distribuidos 

a traves de cerca de 1000 ha en la "Vertiente Delantera de Colorado." Revise estas placas a los cuatro y ocho dias 
tras ser colocadas (entre el 24 y el 31 de agosto del 2000) y anote la evidencia de presencia o ausencia de pisadas 
en cada una. La mitad de todas las pisadas ocurrieron a los cuatro dias. Halle una correlacion positiva entre los 
valores de 'arboles pareados, indicando que las "placas de pisadas" reflejan correctamente la abundancia relativa de 
las aves entre parchos de h'abitats. Un anailisis de poder estadistico mostro que para poder probar un 15% de 
diferencias en la tasa de visitas de aves entre habitats con un poder de 0.75, se requiere una muestra de 25 arboles. 
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Obtaining data on animal habitat usage is a 
fundamental objective of many ecological field 
projects, including ornithological research. 
Mammalogists have used track-plates to assess 
relative abundance of animals such as martens 
(Martes americana; Zielinski and Truex 1995; 
Zielinski and Stauffer 1996), fisher (M. pen- 
nanti), wolverine (Gulo gulo), lynx (Lynx lynx) 
(Foresman and Pearson 1998), foxes (Vulpes 
macrotis), and even house cats (Felis catus, Or- 
loff et al. 1993). Typically a substrate such as 
sand or a powder-covered sheet of plastic or 
metal is left unattended with or without an at- 
tracting bait for a standardized length of time. 
At the conclusion of this sampling period, the 
track-plate is inspected for tracks from the an- 
imal(s) of interest. Data from track-plates dis- 
tributed among multiple habitats, or within 
habitats at multiple times, provide estimates of 
relative abundance. 

The principal advantage of track-plating is 
that it records the presence of all subjects cross- 
ing the track-plate over periods of time for 
which it would be impractical to make direct 
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observations. Some subjects may exhibit more 
natural patterns of movement in the absence of 
a human observer. Also, relative to video- and 
camera-based surveillance techniques, track- 
plating is inexpensive. It may thus be possible 
to run simultaneously multiple experimental ar- 
rays and generate larger sample sizes. 

There are also potential disadvantages to 
track-plating. Some subjects may exhibit cau- 
tion when confronted with track-plates and 
avoid them. In many instances, the specific tax- 
onomic identity of the subject may not be de- 
terminable. Finally, track-plates provide no in- 
dication of precisely when during the sampling 
period the subject marked the substrate. These 
potential drawbacks notwithstanding, track- 
plating can provide a valuable supplement to 
direct observation or video- and camera-based 
surveillance. 

Despite their potential utility, track-plating 
techniques have not been developed for birds. 
In this paper I describe a track-plating tech- 
nique I developed to characterize the relative 
abundance of a guild of tree canopy-foraging 
birds among patches of forested habitat. I ex- 
plore the nature of the data generated by this 
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method tO illustrate its potential utility for oth- 
er research applications. While I developed 
track-plating for use in pine forests, it could be 
adapted for use in any woody vegetation. 

ME1lIODS 

Study site. This study was conducted at 
the Manitou Experimental Forest, an adminis- 
trative unit of the U.S. Department of Agri- 
culture Forest Service Rocly Mountain Exper- 
iment Forest in Woodland Park, Colorado 
(39°06'N, 105°05 'W). I worked in mature 
stands of ponderosa pines (Pinus ponderosa 
Laws. scopulorum) at an elevation of approxi- 
mately 2400 m asl. Over 80% of all canopy 
foraging was done by Mountain Chickadees 
(Poecile gambeltV, Red-breasted Nuthatches (Sit- 
ta canadensis), White-breasted Nuthatches (Sit- 
ta carolinensis), and Pygmy Nuthatches (S. 
pygmaea; K. A. Mooney, unpubl. data). My goal 
was to use track-plating to estimate the relative 
abundance of this guild of birds among 16 hab- 
itat patches distributed across the Experimental 
Forest. 

Track-pLate construction. I cut wooden 
dowels of 2.5-cm diameter into 1 0-cm long sec- 
tions and drilled a 1-cm diameter hole 8-cm in 
depth along the length of each section (Fig. 1). 
I then set 5-cm wood screws into these holes 
and drove them until the head of the screw was 
flush with the bottom of the hole, so that the 
tip of the screw emerged for 3 cm from the 
bottom of the dowel. I sanded the dowels and 
sealed them with water-proof paint. 

I covered each dowel with a 1-mm layer of 
plastic modeling clay (VanAken International, 

Rancho Cucamonga, California) of color simi- 
lar to ponderosa pine bark. I weighed out 40- 
45-g pieces, warmed them in a 40°C oven, 
smoothed the clay evenly over the entire surface 
of the dowel, and left the ends clean. I wiped 
the surface of-the clay smooth with a 10 cm x 
10 cm piece of clean 5-ml plastic. For storage 
I screwed rows of the track-plates into lengths 
of wood planking. In total I constructed 96 
track-plates at a cost of approximately $0.75 
(U.S.) and 1 S min each. 

Collecting voucher tracks. To distin- 
guish avian tracks from other markings (e.g., 
scratches from pine needles), I collected vouch- 
er tracks from several birds. I placed birds cap- 
tured in mist net, in 50 cm x 50 cm x 50 cm 
open-bottomed wire cages. On the bottom of 
the cage I placed a 50 cm x 50 cm sheet of 
the same plastic clay used for track-plate con- 
struction. After the captured bird had landed 
on the clay surface, I removed the cage and 
inspected, drew, and photographed the mark- 
ings (Fig. 2). Claw marks were clear and dis- 
tinct. While I believe taxon-specific track pat- 
terns can be distinguished, this level of resolu- 
tion was beyond my needs for this study, and 
I did not attempt to identify such characters. 

Placement of track-plates. Thirty-two 
experimental trees were selected as 16 tree-pairs 
distributed across approximately 1000 ha of the 
Experimental Forest. Trees within pairs were 
less than 10 m apart, while trees among pairs 
were separated by a minimum of 200 m. I 
placed one track-plate on the trunk (Fig. 3) and 
two on the branches of each tree. Placements 
ranged from 1.5 to 4 m in height above 
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Fig. 1. Schematic diagram of track-plate construction. 
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Fig. 2. Claw markings on track-plate. 

ground. By inserting a 15-cm long screw-driver 
into the track-plates to reach the head of the 
wood screw, I mounted each track-plate flush 
with the bark surface without touching the 
modeling clay. I placed each track-plate at a 
slight upward angle so that rain and resin from 
the tree wound could not run inside the dowel. 
From a neighboring tree, I clipped 15-cm long 
foliated branch tips, stripped the needles away 
from the proximal 10 cm, and inserted 8 cm 
of this bare branch into the hole on the distal 
end of the track-plate until it was flush against 
the head of the screw. This left 2 cm of bare 
branch separating the foliage from the track- 
plate surface and was adequate to keep pine 
needles from marking the clay. Finally, I 
smoothed over any markings. 

Checking track-plates. For an initial pe- 
riod I examined all track-plates daily to deter- 
mine the daily rates of track accumulation. 
From these data I determined that within four 
days approximately half of all track-plates had 
been marked at least once. I then let the track- 
plates accumulate tracks for two consecutive 

sampling periods of four days each between 24- 
27 August, and 28-31 August, 2000. 

Data treatment. All statistical analyses 
were conducted with SAS Version 8.1 (SAS In- 
stitute 2000). I scored each track-plate as 
marked or unmarked for each of the two sam- 
pling periods. This binomial data treatment is 
preferable to counting the number of tracks as 
one bird in a single visit could leave a single or 
many tracks. 

I calculated tree scores within each sampling 
period with a potential range of 0 (no track- 
plates were marked) to 3 (all three track-plates 
were marked). I also calculated pooled scores 
combining sampling periods with a potential 
range of 0 (no track-plates marked in either 
sampling period) to 6 (all track-plates marked 
in both sampling periods). Both "0-3" and "0- 
6" data treatments provide discrete data (Ste- 
vens 1946) with ranges of four and seven val- 
ues, respectively. Because these data are not 
only discrete but also ratio-scale, tree scores are 
functionally ranks. For this reason all statistical 
tests are nonparametric and do not carry as- 
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Fig. 3. Track-plate placed on trunk of tree and fitted with a tuft of ponderosa foliage. 

sumptions of normality or homoskedasticity 
(Sokal and Rohlf 1995; Zar 1999). 

Independence of sampling periods. To 
determine whether separate sampling periods 
provide independent observations, I used chi- 
square analysis to test for a relationship between 
each track-plate's score in sampling period one 
and two. I scored each track-plate as "different" 
(i.e., marked in only one sampling period) or 
as "same" (i.e., either marked or unmarked in 
both sampling periods). The null hypothesis of 
independence of sampling periods predicts that 
observations should be evenly divided between 
"different" and "same." I also determined the 
Pearson correlation coefficient between sam- 
pling period scores (0-3) in sampling periods 
one and two. 

Comparison within pairs. Pairs of pines 
were adjacent to each other and similar in size, 
and it is likely that birds that visited one tree 
also visited the other. To test whether track- 
plates reflected this, I determined the Pearson 
correlation coefficients between sampling peri- 
od scores (0-3) of paired trees. 

Relative abundance among habitat 
patches. To estimate the relative abundance 
of canopy-foraging birds among the 16 habitat 
patches, I calculated a "habitat patch score" by 
combining the scores from both paired trees 
and for both sampling periods (i.e., four sepa- 
rate 0-3 scores). Habitat patch scores have the 
potential range of 0 (no track-plates marked on 
either tree in either sampling period) to 12 (all 
track-plates marked on both trees in both sam- 
pling periods). Because these scores provide a 
single estimate of relative abundance among 
patches, these scores are only descriptive and 
can not be compared statistically. 

Power calculations. The probability of 
accepting a false null hypothesis (i.e., commit- 
ting Type II error) is I, and statistical power, 1 
- 1, is the probability of rejecting a false null 
hypothesis (Zar 1999). The sample size needed 
to reach a given level of power depends on data 
variance and the minimum difference among 
treatments the experimenter wishes to detect. I 
performed power calculations for analyses com- 
paring tree scores with the pooled (0-6) data 
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Fig. 4. Frequency distribution of tree scores for sampling periods. Possible scores range from O (no track- 
plates marked) to 3 (all track-plates marked) within a single sampling period. N= 64 tree scores (32 trees 
for two sampling periods). Mean score shown by arrow. 

treatment. I calculated required sample sizes for 
two levels of power (1 - 0 = 0.75 and 0.90) 
and three levels of minimum detectable differ- 
ences (8 = 7.5%, 15%, and 30%) based on a 
two-tailed analysis with risk of Type I error (a) 
set at 0.05 (Zar 1999). 

RESULTS 

Sampling period scores ranged from 0 to 3 
with a mean of 1.2 + 1.0 SD. Scores for the 
pooled data set ranged from 0 to 5 with a mean 
of 2.3 + 1.29 SD. The frequency distributions 
for these data treatments (Figs. 4, 5, respective- 
ly) are two-tailed and centered within the pos- 
sible score ranges. 

In the comparison of track-plate scores be- 
tween the two sampling periods, 51 were scored 
as "same" while 46 were scored as "different." 
This did not differ significantly from the null 
expectation of equal numbers of "different" and 
"same" scores (X(l) = 0.375, P = 0.4597). 
There was not a significant correlation between 
tree scores (0-3) in sampling period one and 
two(r= 0.179,P= 0.33). 

The correlation of sampling period (0-3) 
scores between paired trees was significant (r= 
0.46, P= 0.0075). 

Habitat patch scores ranged from 2 to 9 with 
a mean of 4.7 + 2.09 SD. 

Based on the calculated variance of 1.66 
tracks2 in tree-score (0-6) data, a two-tailed 
null hypothesis, and a probability of Type I er- 
ror (i.e., (x) of 0.05, the sample size needed to 
detect 7.5%, 15%, and 30% treatment effects 
with a power of 0.90 are 147, 37, and 11 trees, 
respectively. Th sample size needed to detect 
the same treatment effects with a power of 0.75 
are 94, 25, and 8 trees, respectively. 

DISCUSSION 

Track-plates were marked by birds within rel- 
atively short time periods. Nearly half of all 
track-plates were marked at least once within 
each four-day period. Habitat patch scores 
showed a wide range of variation. The corre- 
lation between scores of neighboring trees with- 
in a habitat patch is an encouraging indication 
that track-plates accurately characterize the rel- 
ative abundance of birds among tree pairs. 

The sample sizes needed to detect relatively 
small treatment effects with relatively high pow- 
er are feasible using this technique. Because 
sampling periods were independent of each 
other, a single set of track plates could be left 
in place over multiple sampling periods and 
large sample sizes could be generated with rel- 
atively little effort. It should be noted, however, 
that this work was conducted well after the 
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Fig. 5. Frequency distribution of pooled tree scores. Possible scores range from 0 (no track-plates marked) 
to 6 (all track-plates marked in both sampling periods). N = 32 (32 trees). Mean score shown by arrow. 

young had fledged and nesting territories had 
broken down. The large-scale movement pat- 
terns of birds at this time were likely an im- 
portant factor in the independence of sampling 
periods. Multiple sampling periods may not, in 
fact, be independent during the nesting season 
when it is more likely that the same birds 
would be revisiting the same trees among sam- 
pling periods. 

I do not have any direct observational re- 
cords of how the birds at my field site reacted 
to track-plates. In some instances, marks ap- 
peared to be peckings made from individuals 
resting on the pine adjacent to the track-plate. 
This suggests that some individuals, or perhaps 
some species, were reticent to walk on the 
track-plates. Most track-plate markings were 
claw marks and did not suggest abnormal re- 
actions by birds to the artificial substrate. The 
fact that the relatively small surface of a track- 
plate was marked within an average of four days 
suggests that foraging birds were not averse to 
the foreign substrate. I believe the tuft of foliage 
inserted into the distal end of each track-plate 
was an important element in the success of this 
technique. It may have provided an incentive 
for foraging birds to cross the clay surface, and 
on several occasions I saw insects and spiders 
crossing the clay surface of the track-plate as they 
moved between the pine and the foliage tuft. 

My goal in this study was to characterize the 

relative abundance of canopy foraging birds 
among habitat patches, and it was beyond the 
scope of this project to distinguish among spe- 
cies within this canopy-foraging guild. How- 
ever, it should be noted that tracks were ex- 
tremely clear in the modeling clay, and I believe 
that discrimination is possible for certain tax- 
onomic groups. For example, it may have been 
possible in this study to distinguish the zygo- 
dactyl markings of nuthatches from the aniso- 
dactyl markings of chickadees. 

Whether this technique is used to assess the 
relative abundance of birds at the guild- or spe- 
cies-level, it has many potential ecological ap- 
plications. When single estimates of relative 
abundance are made as they were in this work, 
tests could be performed to identify correlations 
between relative abundance and other ecologi- 
cal variables. With experimental replication, 
track-plating could also be used to test for dif- 
ferences in relative abundance of birds among 
time periods (e.g., activity on diurnal or sea- 
sonal scales), or habitats (e.g., forest edge vs. 
forest interior) in a manner analogous to, but 
potentially less expensive than, point counts. 
Track-plating can also provide information on 
micro-habitat usage (e.g., upper tree canopy vs. 
lower) that otherwise would require direct ob- 
servation or video surveillance. Records of 
tracks might also provide a useful source of data 
on the identity of nest predators. Finally, al- 
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though I developed this method for use in pon- 
derosa pine canopies, the technique can be tai- 
lored to shrubs, other trees, or any woody veg- 
etation by choosing appropriate branch diam- 
eters and clay colors. 

ACKNOWLEDGMENTS 
This research was supported by the Rocky Mountain 

Research Station, Forest Service, U.S. Department of 
Agriculture and by a Kindig Memorial Fellowship from 
the Colorado Mountain Club. Yan Linhart and Carl 
Bock reviewed drafts of this manuscript. Kathy Thomas, 
Jennifer Rohrs, Riley Pratt, and Mark Gillilan assisted 
with field work. Funding for Mark Gillilan was provided 
by the University of Colorado Undergraduate Research 
Opportunities Program. Brian Geils and Steve Tapia 
provided logistical assistance. 

HITERAT1JRE ClITED 

FORESMAN, K. R., AND D. E. PEARSON. 1998. Compar- 
ison of proposed survey procedures for detection of 

forest carnivores. Journal of Wildlife Management 
62: 1217-1226. 

ORLOFF, S. G., A. W FLANNERY, AND K. C. BELT. 1993. 
Identification of San Joaquin kit fox ( Vulpes macro- 
tis-mutica) tracks on aluminum tracking plate. Cal- 
ifornia Fish and Game 79: 45-53. 

SAS INSTITUTE. 2000. SAS statistical software, version 
8.1. SAS Institute, Cary, NC. 

SOKAL, R. R., AND F. J. ROHLF. 1995. Biometry. 3rd ed. 
WH. Freeman, New York. 

STEVENS, S. S. 1946. On the theory of scales of mea- 
surement. Science 103: 677-680. 

ZAR, J. H. 1999. Biostatistical analysis. 4th ed. Prentice 
Hall, Upper Saddle River, NJ. 

ZIELINSKI, W. J., AND H. B. STAUFFER. 1996. Monitor- 
ing marten populations in California: survey design 
and power analysis. Ecological Applications 6: 
1254-1267. 

, and R. L. TRUEX. 1995. Distinguishing tracks 
of marten and fisher at track-plate stations. Journal 
of Wildlife Management 59: 571-579. 


	Article Contents
	p. 392
	p. 393
	p. 394
	p. 395
	p. 396
	p. 397
	p. 398

	Issue Table of Contents
	Journal of Field Ornithology, Vol. 73, No. 4 (Autumn, 2002), pp. 329-448
	Volume Information [pp. 439-448]
	Front Matter
	Priority Research Needs for the Conservation of Neotropical Migrant Landbirds (Prioridades en las investigaciones necesarias para la conservación de aves terrestres migrantes a los neotrópicos) [pp. 329-339]
	Recommendations for Assessing Trends in Forest Bird Populations Based on the Experience of the Ontario Forest Bird Monitoring Program (Recomendaciones para determinar la tendencias en los cambios poblacionales de aves de bosques basados en la experiencia del programa para monitoreo de aves de bosques de Ontario) [pp. 340-350]
	Can Observer Clothing Color Affect Estimates of Richness and Abundance? An Experiment with Point Counts (¿Puede el color de las ropas afectar los estimados de riqueza y abundancia? Un experimento con conteos de puntos) [pp. 351-359]
	Communal Breeding and Nest Defense Behavior of the Cayenne Jay (Cyanocorax cayanus) (Reproducción comunal y defensa del nido en Cyanocorax cayanus) [pp. 360-362]
	Use of Fecal Analysis to Determine Seasonal Changes in the Diet of Wintering Harlequin Ducks at a Herring Spawning Site (Uso de análisis fecal en detectar cambios estacionales en la dieta de Histrionicus histrionicus invernando en un área de desove de Clupea pallasi) [pp. 363-371]
	Use and Possible Functions of Large Song Repertoires by Male Eastern Bluebirds (El uso y posibles funciones de grandes repertorios de canciones en machos de Sialia sialis) [pp. 372-378]
	Cowbird/Host Interactions in a Southeastern Old-Field: A Recent Contact Area? (Interacciones entre Molothrus ater y sus hospederos en un campo viejo del sureste de Norte América: Una área de contacto reciente?) [pp. 379-386]
	Conspecific Density Biases Passive Auditory Surveys (Sesgo en la densidad conspecifica de censos auditivos-pasivos) [pp. 387-391]
	Quantifying Avian Habitat Use in Forests Using Track-Plates (Cuantificando el uso de habitat de aves en bosques usando "placas de pisadas") [pp. 392-398]
	Nesting Success and Hatching Survival of the Blue-Fronted Amazon (Amazona aestiva) in the Pantanal of Mato Grosso do Sul, Brazil (Exito de anidamiento y sobrevivencia de polluelos de Amazona aestiva en el Pantanal do Mato Grosso do Sul, Brazil) [pp. 399-409]
	Red-Shouldered Hawk Preys on Pied-Billed Grebe (Buteo lineatus depreda sobre Podilymbus podiceps) [pp. 410-411]
	Breeding Habitat Use by Sympatric and Allopatric Populations of Wilson's Warblers and Yellow Warblers (Habitates reproductivos usados por las poblaciones de la Wilsonia pusilla y la Dendroica petechia en situaciones sympátricas y alopátricas [pp. 412-419]
	Do Male Hooded Warblers Guard Their Mates When Their Paternity Is Most at Risk? (¿Vigilan los machos de Wilsonia citrina a su pareja cuando esta en mayor riesgo su paternidad?) [pp. 420-426]
	Review: Recent Literature [pp. 427-435]
	Recent Literature: Books and Monographs
	Review: untitled [pp. 435-436]
	Review: untitled [pp. 436-437]

	Back Matter [pp. 438-438]





