CENSUSING STANDARDS

An evaluation of methods used
in the Breeding Bird Census

INTRODUCTION

THI: BREEDING BIRD CENsus (BBC)
and Winter Bird-Population Study
(WBPS) are the largest sources of data on
bird communities in North America.
Studies of bird communities in different
habitats, and over time at the same sites,
have been conducted according to stan-
dard spot-mapping procedures. The data
have been used to study avian communi-
ties 1n various ways. For example, Lynch
and Whitcomb (1978) examined the rela-
tionship between forest fragmentation
and patterns of species abundance; Wiens
(1975) summarized regional patterns of
species richness in coniferous forests;
and James and Boeklen (in press) ana-
lyzed interspecific relationships between
moiphology and density in a bird com-
munity over time.

Such comparative studies are possible
because for both the BBC and WBPS, the
National Audubon Society has encour-
aged participants to use standardized
field techniques. Recommended proce-
dures for the spot-mapping method of
bird censusing have been published peri-
odically to encourage adherence to
guidelines (Hall 1964; Kolb 1965; Anon.
1970, Van Velzen 1972). The use of stan-
dardized methods improves the reliability
of comparisons among censuses, but it is
very important to acknowledge sources
of bias or unreliability in census data. We
describe first, a particular source of bias
in the BBC territory mapping method,
censusing speed, and second, we evalu-
ate the effectiveness of the 0.04-ha circu-
lar sample method of vegetation sam-
phing (James and Shugart 1970) that has
been recommended to accompany BBCs
and WBPSs. The importance of adhering
to the recommendations for dates, speed
of censusing and size of plot in BBCs will
be discussed.
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Part I. Census duration

OME SOURCES OF BIAS in the spot-map
S census method (Williams 1936; Ken-
deigh 1944) are well known. Examples
include between-observer variability
(Enemar et al. 1978; O’Connor 1981),
season (Best 1981), time of day (Shields
1977), plot size (Engstrom and James
1981), edge effect, and census duration.
With attention to variation caused by
these factors, the spot-map censusing
method is considered to be ‘‘the best we
have been able to devise’’ (Emlen 1981).
Except for between-observer variability,
sources of between-census biases can be
minimized by adherence to census stan-
dards. In particular, we will discuss cen-
sus duration as a possible source of bias
that could easily be reduced by more
careful adherence to general censusing
guidelines.

METHODS

WO STUDY SITES were chosen to repre-

sent extremes in the openness of
habitat structure. The relatively open
Wade Tract is a Longleaf Pine (Pinus
palustris) - Wiregrass (Aristida stricta)
association south of Thomasville, Geor-
gia. It has an average of 139 trees/ha >8
cm dbh with visibility up to 0.5 km.
Woodyard Hammock is a densely wood-
ed Southern Magnolia (Magnolia grandi-

flora) - American Beech (Fagus grandi-
folia) forest located on the grounds of the

Tall Timbers Research Station in Leon
County, Florida. This forest has an aver-
age of 587 trees/ha >8 cm dbh per ha of
both study areas.

Robbins (1972) recommended spend-
ing approximately 12 min/ha (5 min/
acre) in closed habitats for Winter Bird-
Population Studies. We adopted this
speed for the BBC in Woodyard Ham-

mock. We used a faster speed, 8 min/ha
(3.5 min/acre), for the open Wade Tract
because it seemed reasonable that less
time is necessary for censusing open
habitat with good visibility and lower
bird density. These subjective categories
of habitat structure (open and closed) are
cxtremes. Most Eastern Deciduous For-
ests are intermediate in structure between
them. Breeding Bird Censuses (8 trips)
were completed in Wade Tract (Apr. 11-
May 31) and Woodyard Hammock (Apr

[2-May 29) according to these census
speeds (Engstrom 1981a; 1981b). Four
additional censuses were taken on each
plot: two longer (4.5 hr in Wade Tract
and 4.0 hr in Woodyard Hammock) and
two shorter (1.5 hr in Wade Tract and 2.0
hr in Woodyard Hammock) in duration in
the last week in May. With a 50 m grid
distance in closed habitats and 100 m grid
for open (Anon. 1970), the recommend-
cd walking speed of 100 m/8 min takes 3
hours in the open 20-ha Wade Tract and a
speed of 6 min/100 m takes 3 hours in the
15.75-ha Woodyard Hammock. Cen-
suses proceeded at a fairly constant rate
through each study site for the estab-
lished length of time regardless of avian
activity.

To examine the census speeds that oth-
er observers are using in Breeding Bird
Censuses, we have plotted census dura-
tion versus plot size for Eastern Decidu-
ous Forest census data published in
American Birds in 1982 (Fig. 1). The
census speed recommended for WBPS in
closed habitats (Robbins 1972) is drawn
in for comparison. Minimum plot size
most frequently recommended is 8.1 ha
(Kolb 1965; Anon. 1947), although a
larger plot size is clearly better (Eng-
strom and James 1981; Verner 1980)
Plot sizes in BBCs are compared to the
recommended minimum size of 8.1 ha
(Fig. 1).
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Figure 1. Census duration versus plot size for
Breeding Bird Censuses in closed habitats in
the Eastern Deciduous Forest. The census du-
ration suggested by Robbins (1972) for the
plot size in closed habitat is. represented as a
straight line. Dashed lines represent + 25% of
this suggested duration. Data are from Ameri-
can Birds, vol. 36, no. 1, for censuses con-
ducted in 1981. The vertical dotted line at 8.1
ha represents the recommended minimum plot
size.

In addition, we analyze census data
from an 1l-year study of a Southern
Mixed Hardwood Forest in Chatham
County, Georgia (Davenport 1963-73) as
a case study of possible confounding in-
fluences of census effort and seasonal ef-
fects on census results. Hours per census
trip, number of trips, number of species,
number of territories, total number of
census hours, and mean census date are
summarized (Table 1). Partial correlation
analysis was used to examine the rela-
tionship between components of census
effort (number of censuses, total number
of hours, hours per census trip, and sea-
son) and results (total number of species
and total number of territories).

RESULTS

S EXPECTED, INCREASED census dura-
tion results, on average, in detection

of more species. In the Wade Tract, an
average of 26 species/trip was encoun-
tered during the two fast censuses, 29

species at the suggested census rate, and
31 in the two conducted at the slower
speed. For Woodyard Hammock, 17 spe-
cies/trip were recorded at the fast speed,
21/trip at the suggested rate, and 23/trip
at the slowest speed. The number of spe-
cies/trip at the intermediate census speed
represents the average number of species
in pairwise combinations of the 8 census
trips conducted at the intermediate speed.

A plot of census duration versus plot
size for BBCs conducted in.1981, in the
closed habitat of the Eastern Deciduous
Forest shows that participants are not fol-
lowing the census speed recommended
by Robbins (1972) (Fig. 1). Instead of the
expected positive relationship between
census duration and plot size, small plots
tended to be oversampled and large plots
(= 20 ha) to be undersampled. Fourteen
of 51 BBCs (27%) fell below the recom-
mended 8.1 ha minimum area.

Summarized data for 11 consecutive
years of one Breeding Bird Census
(Southern Mixed Hardwood Forest, Dav-
enport 1963-73) suggest that species
number, the number of territorial individ-
uals, declined over the study period. In
addition, total census hours, the number
of censuses and census duration, also de-
clined and mean census date occurred
successively later in the spring (Table 1).
The number of species and number of
territories decline through the years and
so do the number of hours/trip and the
total number of census hours. These rela-
tionships should be warning signals to
someone interested in population trends
because the apparent decline in birds
might be attributable to variation in cen-
sus techniques.

When census date is held constant in
partial correlation analysis, the number
of species and the number of territories
still showed significant positive correla-
tions with census duration (hours/trip).
The negative correlation between the
number of territories and mean census
date (r= —.62) was reduced (r= —.06)

when the census duration (hours/trip)
was held constant. This means that in this
data set, the seasonal effect on the num-
ber of territories may not be important
after the influence of census duration has
been removed. The weak negative corre-
lation between the number of species and
mean census date (r= —.39) changes
sign (r=.22) when the hours/trip was
held constant. Neither of these correla-
tion coefficients is significant, but the
shift suggests that census speed may have
a strong influence on census results The
breeding birds on this plot may have real-
ly declined, but because the sampling
procedure changed with time the results
as published in AMERICAN BIRDS
should be interpreted only with attention
to these confounding effects.

Part II. Evaluation of 0.04 ha
(0.1-acre) circular sampling method
of vegetation sampling
THE 0.04-HA CIRCULAR QUANTITATIVE
sampling habitat method (James and
Shugart 1970) has been widely used in
bird censuses to characterize forest vege-
tation structure. We evaluate here the ef-
fectiveness of the method by comparing
sample results to complete censuses of all
trees in the two study sites.

METHODS

rN 1980 wape TrRacT and Woodyard

Hammock were sampled according to
the 0.04-ha circular sampling method
(James and Shugart 1970). In the 20-ha
study plot within the Wade Tract, 30 ran-
domly selected circular samples were
taken. Twenty-five samples were taken
in a stratified random pattern in Wood-
yard Hammock.

S. Rathbun completely censused all
trees =2 cm dbh over the entire 20-ha
Wade Tract study site (4721 trees total)
Similarly, Hirsh (1981) censused all trees
22 cm dbh in a 4.5-ha plot within the

Table 1. Censusing effort and results for 11 consecutive Breeding Bird Censuses conducted in a 10.1-ha Southern Mixed Hardwood Forest
in Chatham Co., Georgia (Davenport 1963-73).

1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973
# trips 12 10 10 9 9 9 10 10 9 9 9
# census hours 42 40 39 33 34 35 30 30 31 29 28
Hours/trip 35 4.0 39 3.7 38 39 3.0 3.0 34 32 31
Mean census date* 40.9 32.2 39.5 40.4 33.8 47.1 49.7 51.5 46.0 43.0 46 7
# territories 94 74 89 83.5 75.5 78.5 56.5 31 54 37.5 45 5
# species** ) 21 18 23 20 21 21 20 15 17 15 14

*The mean census date is calculated by numbering sequentially all dates from April 1 through June 30. The numbers representing dates for the censuses of a given year are
then added and divided by the number of censuses in that year.
**This is the number of species excluding visitors and species with less than one full territory on the plot.
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Table 2. Comparison of quantitative habitat descriptions by the 0.04-ha circular sample method versus a complete survey of all trees
within the 20 ha Wade Tract site. Randomly selected circular samples are summarized in increments of 5. Size classes G and H are not
included in this comparison because they each contained fewer than 1 tree per ha. Size classes in cm are A (8-15), B (15-23), C (23-38), D (38-

53), E (53-69), F (69-84).

Treesl/ha Rel. Density Rel. Dominance
A B C D E F Toal A B ¢ D E F A B C D E F

5 circles (.2-ha) 20 5 15 40 20 100 20 5 15 40 20 3 9 6.6 555 36.6
10 circles (.4-ha) 17 7 32 17 3 3 93 18 8§ 18 34 18 3 S 15 82 480 341 1.7
15 circles (.6-ha) 31 10 17 30 18 3 109 29 9 15 27 17 3 1.6 2.0 7.7 435 351 10.1
20 circles (.8-ha) 53 26 21 31 14 4 149 36 18 14 21 9 3 32 5.1 9.7 448 260 11.2
25 circles (1.0-ha) 50 24 23 30 13 3 143 35 17 l6 21 9 2 32 50 11.1 454 259 95
30 circles (1.2-ha) 56 25 24 27 11 3 146 38 17 16 19 7 2 39 55 123 442 229 11.2
Rathbun’s complete

survey 43 26 24 26 12 2 127 33 20 18 19 9 1 33 59 12.8 436 266 7.8

15 75-ha Woodyard Hammock study site
(4453 trees total, including 794 trees 2-4
cm dbh). An additional tree-size class (S,
4-8 ¢cm dbh) was added to the 0.04-ha
circles in Woodyard Hammock to in-
clude saplings. Only the 10 circular sam-
ples in Woodyard Hammock located
within or close to Hirsh’s study plot were
included in the comparison with the com-
plete census data. These two excellent
data sets of total tree counts permitted an
evaluation of the accuracy of estimates of
tree species composition and size class
distribution based on 0.04-ha circular
samples in two habitats of very different
tree density and diversity.

RESULTS

SUMMARY OF THE DATA from Rath-
bun’s compiete census of all trees
=8 cm dbh within the 20-ha Wade Tract
site reveals the striking homogeneity
(Longleaf Pine comprises >90% relative
density and basal area) and openness

4.5-ha subplot within the Woodyard
Hammock site and the summary of 10
0.04-ha circular samples are very similar
(Table 3). The lists of species in order of
decreasing relative density are the same
except that Flowering Dogwood is in-
cluded in the census instead of Pignut
Hickory. The species order and relative
dominance is very close between the two
lists. The size-class distribution as esti-
mated by the ten 0.04-ha circular samples
agrees well with the complete census re-
sults (Table 4). One difference between
the sample and census size class distribu-
tions is an overestimate of the relative
dominance of the D and G size classes in
the samples. The distribution of tree den-
sity and basal area within the size classes

estimated by the circular samples is not
statistically different from the census re-
sults (Kolmogorov-Smirnov 2-sample
test).

DISCUSSION

QUICK REVIEW OF census speed in the
BBCs in Eastern Deciduous Forest

in the 1982 American Birds (Fig. 1) re-
veals that many participants are inten-
sively censusing small plots. Only 35%
of the BBCs were conducted within a =
25% range of the speed suggested by
Robbins (1972) for the WBPS. Fifty per-
cent of the BBCs were above this range
(more time per census) and 15% were

Table 3. Estimated number of trees/ha, relative density and relative dominance of most
abundant species comprising 90% of the total number of trees within a completely censused
4.5-ha plot in Woodyard Hammock and estimates derived from 10 0.04-ha circular samples

taken within the same area.

Summary of complete census

-~ I Rel. Rel.
(139 trees/ha). A.quantltatlve descrlptlon Treesiha D :ns' D:m
of the habitat using the 0.04-ha circular — .
sampling method in increments of five Sweet'gum quuzdambar.sty.raczﬂua 119 14.9 12.1
andomly selected circles is ared t American Beech Fagus grandifolia 96 11.9 14.9
randomly sefected cireles Is compa 0 American Hornbeam Carpinus caroliniana 92 11.4 3.2
the descrlptlop from the comple.te census American Holly Hex opaca 26 10.7 4.4
n Table 2. Circular sample estimates of Eastern Hophornbeam  Ostrya virginiana 80 9.7 3.1
trees/ha (density) and dominance in the Swamp Chestnut Qak  Quercus michauxii 77 9.6 3.0
s1ze classes (Table 2) were not 51gmf1- Southern Magnolia Magnolia grandifiora 63 7.9 33.1
cantly different from the census results Spruce Pine Pinus glabra 43 5.4 1.5
. Blackgum Nyssa sylvatica 26 3.2 6.2
(Kolmogorov-Smirnov  2-sample test, .
11z dW. 3 ) Water Oak Quercus nigra 26 3.2 1.9
Hollander an ) olfe 1973). Hoyvever, as Flowering Dogwood Cornus florida 25 3.1 0.4
the number of circular samples increased Summary of 10 0.04-ha circular samples
(5, 10, 15, etc.), the fit with the census Swamp Chestnut Oak  Quercus michauxii 102 13.9
results improved. The overall tree densi- Sweetgum Liquidambar styraciflua 90 12.2
ty (=8 cm dbh; A-H size classes) in the American Hornbeam Carpinus caroliniana 85 1.5
complete census is 139 trees/ha, com-  American Beech Fagus grandifolia 80 10.8
ared to estimates ranging from 89-169 Eastern Hophornbeam  Ostrya virginiana 70 9.5
pared to gmg American Holly Hex opaca 67 9.2
treestha from the summarized 0.04-ha Southern Magnolia Magnolia grandiflora 57 7.8
circular sample data. Spruce Pine Pinus glabra 35 4.7
The tree species making up the top Blackgum Nyssa sylvatica 27 3.7
90% of the total number of trees in both Water Oak Quercus nigra 25 3.4
Pignut Hickory Carya glabra 22 3.1

the complete census of all trees in the
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Table 4. Comparison of structural characteristics as determined by 10 0.04-ha circular
samples versus a complete survey of all trees within a 4.5-ha subplot of the Woodyard

Hammock site.

Size classes Complete Ten 0.04-ha
(DBH in cm) survey samples
Trees/ha S(4 8 212 220
A ( 8- 15) 244 220
B (15- 23) 154 135
C (23- 38) 103 95
D (38- 53) 56 85
E (53- 69) 31 18
F (69- 84) 6 8
G (84-102) 2 5
Total 813 786
Relative density S 27 28
A 30 28
B 19 17
C 13 12
D 7 11
E 4 2
F 1 1
G <1 1
Relative Dominance S 2 2
A 6 5
B 11 9
C 18 15
D 31 42
E 22 12
F 7 8
G 3 8

below. The Eastern Deciduous Forest
category undoubtedly includes a mixture
of subhabitats. Some variation in census
duration is probably necessary to accom-
modate differences in vegetation struc-
ture, topography, and the ability of ob-
servers. However, if small plots are
oversampled and large plots undersam-
pled as indicated in Figure 1, a bias in the
results is introduced.

Rarefraction, a statistical procedure,
can be used to compare species richness
of bird communities between plots of dif-
fercnt sizes (Engstrom and James 1981;
James and Rathbun 1981; James and
Wamer 1982). However, to increase the
value of the data, cspecially for between-
observer comparisons, small plot sizes
should be avoided. BBCs conducted on
plots smaller than 8.1 ha are of limited
uscfulness for making population esti-
mates (Engstrom and James 1981).

The case study of the 11-year census of
the Southern Mixed Hardwood Forest
(Davenport  1963-1973) illustrates the
reason for adhering to standards over
time. The disappearance of some species
of birds from the study plot was probably
a real phenomenon. Yet, how are we to
distinguish biological changes from arti-

factual change caused by an alteration of
method? Partial correlation analysis indi-
cates that the number of hours/trip influ-
ences the number of species and territor-
ies even when the influence of censusing
date is held constant. In this data set,
censusing date is not significantly corre-
lated with the number of species and ter-
ritories when census duration (hours/trip)
is held constant. This emphasizes the im-
portance of using a standardized census
duration or speed. Slagsvold (1969) and
Wooten (1982) came to similar conclu-
sions.

The 0.04-ha circular vegetation sam-
pling method is a simple, effective, quan-
titative method of characterizing forest
vegetation structure. The size-class dis-
tribution of trees in the Wade Tract
(Table 2) indicates that all estimates of
relative density and relative dominance
(%) for cach size class (A-H), based on
20 or more samples, fall within 5% of the
true values as cstablished in the complete
survey. This suggests that in habitat with
few trees, just a few random 0.04-ha cir-
cular sample/hectare may provide a good
approximation to the actual vegetation
structure. Estimates of shrubs is an im-
portant aspect of the vegetation structure

that 1s not included 1n this analysis, and
one that needs to be addressed.

The habitat structure and tree species
composition of Woodyard Hammock 1s
very different from that of Wade Tract
The two habitats provided an opportunity
to test the 0.04-ha circular sample meth-
od in extremely different forests. Species
composition and order of abundance of
the most common trees in the sampled
population in Woodyard Hammock are
nearly identical to the complete survey
(Table 3). Tree density/ha as estimated
from the samples is within 4% of the ac-
tual density (Table 4). The distribution of
tree densities within the size classes 1s
very close (all values within 5%). Distri-
bution of relative dominance within the
size classes is less accurately measured
by the samples, but the shape of the dis-
tribution is similar.

Adherence to standard methods of ter-
ritory mapping such as promoted by the
International Bird Censusing Commuttee
{Anon. 1970) has been criticized for a
variety of reasons: (1) strict standards
discourage amateur participation (Oelke
1981); (2) the territory mapping method
is not appropriate when censusing colo-
nial species (Slagsvold 1973) or in tropi-
cal regions with high bird species diversi-
ty (Oclke 1981); and (3) to use the
censuscs comparatively, observer equa-
lity is assumed (Enemar et al. 1978)

[f amateur-conducted BBCs and WB-
PSs are to be encouraged as sources of
scientifically valuable data some com-
promises must be made between the
amount of effort and the degree of census
efficiency. Nevertheless, tightening up
the standards, establishing clearer guide-
lines in certain areas such as census
speed, putting greater emphasis on re-
cording simultaneous contacts (the ‘com-
bined method’ of Tomialojc 1980, see
also Paul and Roth 1983) would greatly
improve the comparability of the data

SUMMARY

REEDING BIRD CENSUSES were con-

ducted in a mature Longleat Pine-
Wiregrass association and a mature
Southern Magnolia-American Beech for-
est. In addition to 8 census trips at an
intermediate census speed, two censuses
at a faster pace and two at a slower pace
were made. The average number of bird
species encountered in both of these habi-
tats decreased as censusing speed 1n-
creased. Speed of movement of the ob-
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server during a bird census influenced the
results. Eleven years of BBC data from
one location were analyzed. The results
show that the reduction of birds over time
may be caused by the confounding influ-
ence of reduced bird census effort. The
value of BBCs could be improved by bet-
ter adherence to standards. In closed
habitat, such as the Southern Magnolia-
American Beech forest in this study, 12
min/ha, as recommended by Robbins
(1972) for the WBPS seems reasonable.
For the open Longleaf Pine Forest, 8 min/
ha was sufficient.

The accuracy of the James-Shugart
quantitative method of habitat sampling
which is frequently used in Breeding Bird
Censuses and Winter Bird-Population
Studies is assessed. Data from circular
samples are compared to complete tree
censuses in two habitats of very different
structure. The size-class distribution and
composition of trec species of the sam-
ples were close to results of the complete
tree census results.

ACKNOWLEDGMENTS

Thanks to Cathleen Nesmith, James
Cox and Gerald Niemi for assistance with
censusing; to Steven Rathbun and Don-
ald Hirsh for the generous use of their
data, Mary Tebo and Patty Blair assisted
in the vegetation sampling. The Tall
Timbers Research Station gave permis-
ston to work on the study sites. This work
was supported by U.S. Fish and Wildlife
Service Contract Number 14-16-0009-
80-020.

LITERATURE CITED

ANON. 1947. Announcement of the Winter-
Bird Population Study. Aud. Field Notes
1 165-166.

ANON. 1970. Recommendations for an inter-
national standard for a mapping method in
bird census work. Aud. Field Notes 24:
722-726

BEST. L. B. 1981. Seasonal changes in detec-
tion of individual bird species. Pp. 252-
261 in C.J. Ralph and J.M. Scott (eds.).
Estimating the numbers of terrestrial birds.
Studies in Avian Biol. 6.

DAVENPORT, L. B.. Jr. 1963. BBC 20.
Southern Mixed Hardwood Climax For-
est. Aud. Field Notes 17: 502-503.

____ 1964. BBC 19. Southern Mixed Hard-
wood Climax Forest. Aud. Field Notes 18:
555.

Volume 38, Number 1

1965 BBC 22 Southern Mixed Hard-
wood Forest. Aud. Field Notes 19. 602,

—. 1966. BBC 33. Southern Mixed Hard-
wood Forest. Aud. Field Notes 20: 269.

— . 1967. BBC 27. Southern Mixed Hard-
wood Forest. Aud. Field Notes 21: 629.

—. 1968, BBC 28. Southern Mixed Hard-
wood Forest. Aud. Field Notes 22: 676.

—. 1969. BBC 35. Southern Mixed Hard-
wood Forest. Aud. Field Notes 23: 723-
724,

— . 1970. BBC 32. Southern Mixed Hard-
wood Forest. Aud. Field Notes 24: 760.

— . 1971. BBC 19. Southern Mixed Hard-
wood Forest. Am. Birds 25: 975-976.

—. 1972, BBC 34. Southern Mixed Hard-
wood Forest. Am. Birds 26: 959,

— . 1973. BBC 46. Southern Mixed Hard-
wood Forest. Am. Birds 27: 979.

EMLEN, J. T. Summary of the Symposium.
Pp. 575-576 in C. J. Ralph and J. M. Scott
(eds.). Estimating the numbers of terrestri-
al birds. Srud. Avian Biol. 6.

ENEMAR, A.,B. SJOSTRAND and S.
SVENSSON. 1978. The effect of observer
variability on bird census results obtained
by a territory mapping technique. Orn.
Scand. 9: 31-39.

ENGSTROM, R. T. 1981a. BBC 80. Mature
Longleaf Pine Forest. Am. Birds 35: 69.

. 1981b. BBC 32. Mature Beech-Magno-

lia Forest. Am. Birds 35: 32.

.and F. C. JAMES. 1981. Plot size as a
factor in Winter Bird-Population Studies.
Condor 83: 34-41.

HALL. G. A. 1964. Breeding Bird Censuses
— why and how. Aud. Field Notes 18:
413-416.

HIRSH. D. W. 1981. Physiognomy and spa-
tial patterns of a beech-magnolia ham-
mock in north-central Florida. M.S. The-
sis. Florida State University.

HOLLANDER, M. and D. A. WOLFE. Non-
parametric statistical methods. John Wiley
and Sons, NY.

JAMES F. C. and H. H. SHUGART, JR.
1970. A quantitative method of habitat de-
scription. Am. Birds 24: 727-736.

.and S. RATHBUN. 1981. Rarefaction,
relative abundance, and diversity of avian
communities. Auk 98: 785-800.

_ .and N. O. WAMER. 1982, Relation-
ships between temperate forest bird com-
munities and vegetation structure. Ecology
63: 159-171.

.and W. BOECKLEN. (in press). Inter-
specific morphological relationships and
the densities of birds. in D. R. Strong, Jr.,
D. Simberloft, L. G. Abele, and A. B.
Thistle (eds.). Ecological communities:
conceptual issues and the evidence.
Princeton University Press, Princeton, NJ.

KENDEIGH, S. C. 1944. Measurement of
bird populations. Ecol. Monogr. 14: 67-
106.

KOLB. H. 1965. The Audubon Winter Bird-
Population Study. Aud. Field Notes 19:
432-434,

LYNCH.,J. F.and R. F. WHITCOMB. 1977.
Effects of the insularization of the eastern
deciduous forest on avifaunal diversity and
turnover. pp. 461-490 in A. Marmelstein

(Project leader) Proc of a Natl Symp on
Classification, Inventory and Analysis of
Fish and Wildlife Habitat. Phoenix, Ariz
USDI.

O’CONNOR, R. J. 1981. The influence of
observer and analyst efficiency in mapping
method censuses. Pp. 372-376 in C. ]
Ralph and J. M. Scott (eds.). Estimating
the numbers of terrestrial birds. Studies in
Avian Biol. 6.

OELKE, H. 1981. Limitations of the mapping
method. Pp. 114-118 in C. J. Ralph and J
M. Scott (eds.). Estimating numbers of
terrestrial birds. Studies in Avian Biology
No. 6.

PAUL, J. T., JR. and R. R. ROTH. 1983
Accuracy of a version of the spot-mapping
census method. J. Field Ornithol. 54 42-
49.

ROBBINS, C. S. 1972. An appraisal of the
winter bird-population study techniques
Am. Birds 26: 688-692.

SHIELDS, W. M. 1977. The effect of time of
day on avian census results. Auk 94: 380-
383.

SLAGSVOLD. T. 1969. The eftect of survey
speed on the discovery chance in bird sur-
veys. Fauna 22: 195-200.

. 1973. Estimating of density of the song
thrush Turdus philomelos by different
methods based on singing males. Nor. J
Zool. 21: 159-172.

TOMIALOIJC, L. 1980. The combined ver-
sion of the mapping method. Pp. 92-106,
in H. Oelke, ed., Bird census work and
nature conservation. Proc. VI Int. Conf
Bird Census Work/IV Meeting Eur. Or-
nithol. Atlas Committ. (Gottingen 1979)
Dachverband Deutscher Avifaunisten,
Gottingen, W. Germany.

VAN VELZEN. W. 1972. Breeding bird cen-
sus instructions. Am. Birds 26: 927-931

VERNER, J. 1980. Birds of California oak
habitats—management implications. pp
246-264 in Proc. Symposium on the Ecol-
ogy. Management, and Utilization of Cali-
tornia Oaks, T. R. Plumb, tech. coord
USDA Forest Service, Gen. Tech. Rep
PSW-44. Pacific Southwest Forest and
Range Exp. Stn.. Berkeley, Calif.

WIENS. J. A. 1975. Avian communities, en-
ergetics and functions in coniferous forest
habitats. Pp. 226-265 in Proc. of the Sym-
pos. on Manage. of Forest and Range
Habitats for Nongame Birds. USDA For-
est Service Gen. Tech. Rep. WO-1.

WILLIAMS, A. B. 1936. The composition
and dynamics of a beech-maple climax
community. Ecol. Monogr. 6: 317-408.

WOOTEN, C. 1982. Avian community com-
position and habitat associations in an
upland deciduous forest in northwestern
Arkansas. MS thesis, University of Arkan-
sas.

——Department of Biological Science
Florida State University,
Tallahassee, Florida 32306

23



