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INTRODUCTION

It is essential to the effective ranagerent and
conservation of wildlife populations to be able to reliably
assess their status over space and time. Such guantitative data
for woodland raptors have been difficult and often prohibitively
expensive to acquire. Public aend private concern for these
species has led to requirements for determining their status
within political boundaries by both State and Federsl agencies.

Forested habitat places severe restrictions on our sbility
to detect and observe raptora. Detectability is further reduced
py the secretive behavior of several of these species. This
project, final results of which are reported here, was initisted
in 1979 to develop methods for monitoring raptor populstions in
forested habitat. We asked these guestions among others: 1) do
woodland raptors respond to broadcast of tape-recorded
conspecific and/or Great-horned Owl vocalizations? they do; 2y
does the use of these broadcast vocslizations increase the
detectability of raptor species over surveys without broadcast?
it does; 3) which is most effective at eliciting responses froa
woodland hawks, conspecific or Great-horned Owl broadcasta? of
the species tested, the Great-horned Owl broadcasts produced
rhiqher contact rates for Red-shouldered Hawks and rates at least

as high as the conspecific broadcasts for other species; 4) is



+here a correlation between saurvey contact rates and the actual
number of hawks resident ~n the area surveved? vyes.

This report presents the results of the final developrent
and testing of the broadcast technique for censusing/indexing
woodland hawk populations. The pest regression rnodels for
individual species anqmspecies groups are presented slong with
their staﬁistical characterist;cs. Recommendations for the
application of +his technique to monitoring woodland hawk

populatiocns are provided.
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HETHODS

Census Routes

Point transects of unlimited width were established along
roads on study areas in Haryland, Ohio, and Hinnesota. One raptor
species was designated as& the target species whose recorded
vocalization would be broadcast for each study area along with
the broadcast of Grest-horned Owl vocalizations on paired road
counts. Transects were 7.2km (4.5mi) long, consisting of ten
stations at O.8km (0.5mi) intervals. Each study area extended to
a radius of 1.6km (1.0mi) peyond the first and last stations and
1.6km (1.0mi) to each side of the transect encompassing about

3l.1km (12m2).

Point transect counts were conducted at approximately 7 to
10 day intervals throughout breeding season. A count is defined
ez the process of enumerating contacts with raptors at the 10
stops alohg each transect. Counts began shortly after sunrise.

The weather conditions under which counts were conducted
were those specified for the Breeding Bird Survey (Robbins and
Van Velzen 1967). Essentially, counts were not made in fog,
steady drizzle, prolonged rain, or winds greater than Beaufort 3
(13 -~ 18ka/hr).

Observers remained at each stop for 10 minutes. Data were
recorded in two periods: a S-minute broadcasting period: and &

S-minute period following the final broadcuast vocalization.



The starting and ending times were recorded at each stop.
The following information was recorded for each raptor contact:

1. Species.

2. Contact type: whether bird was seen and/or heard.

3. Latency: the length of time, in minutes, from the

first broadcast vocalization until the contact. -

4. The compass bearing and approximate distance from the

stop to each contact.
A contact was defined as any observation of a raptor either
visual or auditory. Separate contacts recorded along transects
are not assumed to be necessarily of different individual birds.
However, observers were instructed to use the proximity in space
and time as well as vocal characteristics of contacts to rinimize
recounting of the same individual at the sare stop. No attempt
was made to avoid counting the same individual at adjacent or
subsequent stops.

The S-minute broadcasting period consisted of six 15- seéond
vocalizations e#enly distributed over 5 minutes. The speaker,
placed about 2.0m above the ground was rotated 180c after each
set of vocalizations, resulting in 3 sets of csalls being
broadcast toward each side of the transect at each stop. The
speaker was either horizontal or inclined upwards parallel to an
ascending slope. Raptor vocalizations used in this study were
recorded onto 6-min continuous loop cassette tapes from
commercially available bird song and call record albums (Peterson

Field Guide Series, A Field Guide to Bird Songs of Eastern and
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Central North America or National Geographic Society, Bird Sounds
of Marsh, Upland and Shorel. Portable public address broadcast
equiprent of several types was used. For each set of eguipment,
output was adjusted between 100 end 110 decibels wusing a
Realistic, battery operated sound level meter set to weighting
scale C asnd slow response. ‘ ,
Nest Searches

Study areas were systematically searched on foot for raptor
nests during the breeding season over a period of 12 to l4 weeks,
generally between early April and the £irat week of July. All
observations of raptors were recorded in field notes and plotted
on topographic maps. For each observation, the species, age (if
known), date, and behavior were recorded. Separate maps were kept
for census route contacts and all other field contacts. The maps
of field contacts were used to decide if any pairs of hawks,
which were not accounted for by the active nests found, vere
resident on tne study areas. When there was doubt about whether a
group of observations, e.g. 2 or 3 sightings of an adult
Broad-winged Hewk in the sare vicinity, were associated with a
known active nest I choose to not count them as @ separste pair.
This was a subjective process. However, to be counted as &
resident peir, 1) 2 or more contacts with the same species must
have been recorded in the same area and, 2) that area must have
been at least 1.5mi from the nearest known nest of that species

in the case of Broad-winged, Sharp-shinned and Cooper’s hawks or
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2.5mi in the case of the larger species, @.9. Red-shouldered and
Red-tailed hawks.
Hapitat Measurements

Vegetation corposition and structure eand physiographic
characteristics were measured at each active nest site on all
study are;s. Similar measurements were nrade at randorly selected
points in the vicinity (within 16km) of the center of the study
areas ain HNinnesota. Vegetation characteristics were reasured
within a 0.04ha (O.lac) circular plot centered on the nest tree.
Sampling procedures are described by Titus and Mosher (1981).

STUDY AREAS

The Naryland study areas were located on the coastal plain
of Msryland’s eastern shore (Wicomico County-1986) largely within
the Pokemoke State Forest and on Indian Springs Wildlife
Management Area in the Piedmont region of central Maryland
{Washington County-1985>. The Pokemoke site was generally flat
with sandy soils supporting river bottom hardwood forest mixed
with plantation and natural conifer stands. The Indian Springs
site was contained within a& shallow valley with agricultural use
typifying the valley floor and mixed hardwood forest of noderste
te old age on the hill sides.

The Ohio study areas were located on the Z2aleski State
Forest (Vinton County-1985 & 1986) nearly adjacent to one
another. Both sites were characterized by nearly continuocus
nardwood forest and moderate relief in a complex array of ridges

and steep hillsides. The census routes folloved the ridge tops.
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Tnere were 5 study areas in Hinnesota. The =most northern
eite was in Lake County (1986) on the Superior National Forest
within the BHoreal Forest. Relief was flat and vegetation
consisted of mature red and white pine in thinned stands and
birch/aspen/spruce and fir. The area was about 40% cutover.
Three other =sites were in central Minnesota. The first in Crow
wing and Cass Counties (1986) was flat and marshy covered
predominantly by birch/aspen torest. The second, located in Pine
county ¢1985) on the 5t. Croix State Forest and the third,
located in Becker County (1985) on the Smokey Hills State Forest
were grossly similar in vegetation and structure to Crow Wing and
Cass Counties. Of these four sites, the Pine and Lake county
sites and Becker and Crow Wing/Cass county sites had the fewest
differences among the pair-wise corparisonsg of all
characteristics measured. These characteristics are primarily
structural and physiocgraphic. Floristic differences were
apparent, but not measured among the sites. The final site was in
the south-east corner of Minnesots in Winona and Webasha Counties
(1987) on the Whitewater Wildlife Management Area. This srea was
flat, eroded stresm bottom with steep hill sides leading up to
taple land. Vegetation was diverse with nixed hardwoods in the
riparien areas and slopes interspersed with marshes and conifer
stands. Vegetation was more Dbroken (i.e., open) than the other
sites vielding generally better visibility. The Whitwater WHA
site more nearly resembled Pine and Lake counties rather than

Becker and Crow Wing/Cass counties. Whitewater WHA had the




nighest number of large stems (>4lcm DBH) and lowest shrub
density in the random plots measured. Also, greater relief was
evidenced by the greater siope.

Comparable data from two other study sites in HNeryland are
included in the analyses in this report. Work on both of these
sites was conducted during 1983 and 1984. These study sites were
located in Garrett County on the Savage River State Forest and in
Allegany County on the Green Ridge State Forest. Both areas are
within the Appalachian Province and are characterized by mixed
resophytic and oak-chestnut {forest covering about 90% of the

study areas.

RESULTS AND DISCUSSION

Nesting Density

Density was based on probable numbers of pairs present. It
was clear from observational date that pairs were preseht for
which active nests did not exist or could not be found. That is,
birds were observed during the breeding season in areas well
removed from any Kknown active nest. These pairs may not have
attempted to breed, may have made & breeding attempt and failed
early before a nest could be found, or the field crew simply
failed to find a&ll active nests. The adjustment from actusal
number of nests found to probable pairs present was based
primarily on interpretation of spot maps created from daily field
observations. I believe that the estimates are conservative (see

Hethods) .
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With only one exception (Pokemoke State Forest) the density
of hawk pairs resident on the study areas ranged from 0.6 to l.4
pair/mi2 the average being 1.0 pair/mi2 (Tables la & b). The

Pokemoke State Forest study area was unexplainably devoid of sany

hawk activity. Also, the exceptionally high densities of

Broad-winged Hawks on the St. Croix and Smokey Hills study areas
are similarly unexplainable. In particular, the absence of other
gpecies on the St. Croix study area was curious. There were no
apparent unique characteristics of habitat structure or
composition which might account for this anomaly, nor did field
observations suggest any notable chafacteristica of prey
diversity or abundance. Rosenfield (1984 reported a similarily
high Broad-winged Hawk nesting density in Wisconsin. It rerains
for further studies to account for such variations in hawk

nesting density.

Breeding Chronology

Minimal data on hatch date, nest success and productivity
were gathered concurrent with other activities. Information from
16 of 47 active nests found on Kinnesots study areas is svailable
(Table 2). Hatch dates for most species appear to ocour during
the first two week= of June. Bv back dating then, egg laying
should occur about the 1st of May. These dates are relevant to
selecting the beginning date for conducting road counts which is

discussed belovw.
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Census

Road count date acquired from the standard point count
transects were available from 11 different study areas. Two of
the sasites (Savage River and Green Ridge State Forests were
sampled in consecutive years (1983-84). To aveoid a possible
dependence problem, only the 1984 dats were included. Data fron
the Pokemocke State Forest (HD-1986) were excluded because no
nests were found and no contacts were made throughout the season
and tne level of search effort mrade at this site nay not be
comparable to the other sites. Thus, nine (9) pairs of data
points (contact rates and probable pairs of Hawks) each for Red-
shouldered, Red-tailed, Sharp-shinned and Cooper’s hawks were
available for analysis. Broad-winged Hawk results from St. Croix
and Smokey Hills State Forests were anomalous and discarded as
outliers leaving 7 pairs of data points. Each pair of dats
points represent 7 to 11 replications of the point count transect
per season. Contact rates for each species by study area and
broadcast vocalization are presented in Tables 3a & b. A
comparison of these rates between the Great-horned Owl and
Conspecific broadcasts revesaled higher rates for both hawk
species tested when using the Great-horned Owl Dbroadcast.
However, this difference was significant for only the Red-
snouldered Hewk (Table 4). Earlier work (Mosher et al. in review)
showed +that all hawk species respond to Great-horned Owl
vocalizations while inter-specific responses to hawk

vocalizationa are very low.
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Significant regression models were found for Broad- winged,
Red-shouldered, and Cooper’s hawks as well as for all hawk
species and all Hinnesota study areas {Table 3). These models
take the form ¥ = bo + blX or X = [Y - bol/bl where X is the
probable number of pairs of hawks resident on the study area and
Y is the.average number of contacts per transect for each atudy
area.

Because we are interested in predicting the independent
variable (number of pairs) from tne dependant variable {contact
rate}), the confidence limits about the regression are
asymmetrical (see Draper & Smith 1981 and Neter et al. 19833.
Standard error of the estirate <(X) and confidence lipits are
therefore dependant on the value of Y and the number of
replications of the transect. Examples of these statistics sxe
given in Table 6. The species models have the higher correlation
coefficients and egual or lower standard errorsa of the estimates
compared to either the All Hawk or All MN models (Table 5).
However, at the mean number of resident pairs {asee Table &) the
All Minnesota model produces the lowest Standard Error and
narrowest confidence interval. A review of the average integer
error comparisons between the models (Table 7) argues for the use
of the all Species model in the case the Broad-winged Hawk. When
the opjective is to detect differences over time or space, the
nodel giving the lowest standard error and narrowest confidence
interval should bpe selected. Regrettably, there are insufficient

data from Maryland and Ohic to exarine for differences between
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geographic regions. However, 1 fail to see any substantial reascon
why such differences should exist within sympatric populations

and grossly similar hapitats.

Hanagement Applications

This broadcast technique may be used to aid in the detection
of woodland hawks during the breeding season in a number of ways.
The specific application is dependant on the study objective(s.
The following are examples of possible applications for
incressingly demanding objectives.

I. The simplest objective would be to determine the presence
or absence of one or more nesting species of hawks on a given
area., To asccomplish this, distribute point counts at a minimum of
0.5mi intervals randomly (or stratified if discontinuities exist
in nabitat types) a&long the road system throughout the ares
ofinterest. The intensity of this sampling, i.e. the density of
point count stops, will depend on the availability of count
personnel and time. Conduct standard 10-min brosdcast counts at
each point up to a maximum of 6 times each. Cease to conduct
counts at egch peint when contact is made with the species of
interest. At each point count, record the species contacted, the
compass pearing from the satop to the contact locatién, and the
approximate distance to the contact. The later information will
permit a spot map to be prepared <from the point count

information. For species smaller than Red-shouldered Hawks
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the effective sample area iz estimated to be within & 0.5a»i
radius of the stop and within a 1.0mi radius for Red-

shouldered Hawks and larger species. These area differences
reflect differences 1in home range sizes and perhaps behavioral
differences petween species. The estimates are subjective though
based on accumulated data on stop-to-nest distances and estimsted
distances from stops to contacts., This estimate of effective
sample areas may be used as an aid to determining sampling
intensity. For example, if you wish to sample 20% of an area, you
could distribute point counts along 20% of the linear road
distance or divide 20% of the total area by the effective area
per peint count. Nore point counts will be required for sampling
for the smaller species than for the larger to obtain the same
area of coverage.

1I. If one is interested in assessing the relative abundance
over space or time then fixed point count stops nust be
established on an area or areas. Each stop should be replicated
6 times per season and average contact rates for each area or
season calculated. Comparison of average contact rates between
areas or seasons will provide an index to relative sbundance.
Additional dispersion data may be acguired by again spot-napping
the contacts.

111. &n estimate of abundence or population index may be
acquired by conducting standard 10-stop point counts {standard
route). The results from each route apply only to the 12.5mi2

area surrounding the route. Routes must be replicated 6 times per
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season and the statistical parameters presented (Tabples 5 & 6)
will apply to the results. For State-wide or regional surveysa
degigned to monitor population trends, I recommend the
distribution of standard routes following a vrandom or
stratified-random sampling schere. One standard route requires
about 15 hours of field effort per season. '
Conclusions

The point count method described herein provides the
wildlife manager with a tocl for surveying and monitoring
woodland hawks. Following standard route protocol will provide
estimates of apundance of pairs present during the breeding
season with estimates of statistical reliability and precision.
The specific application of the broadcast technique will vary

with management objectives.
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TABLES

Table la. Hawk nesting activity on raptor census project study areas in
Hinnesota 1985 - 1987

1945 1988 1887 MR
Hawk Species StC SmH CW Lake WWater Hean
Broad-winged Hawk »
Active Nests 14 11 2 4 1 6.4 )
Probable Pairs 14 11 5 4 4 7.6
Densityl 1.2 0.9 0.4 0.3 0.3 0.6(0.18)2
Red-shouldered Hawks
Active Nests 1] 4 9] G 4 1.6
Probable Pairs 1 4 0 0 4 1.8
Density 0.1 0.3 O O 0.3 0.1 (0.06)
Red-tailed Hawks
Active Nests O 1 1 2 2 1.2
Propbable Pairs 0 2 1 2 2 1.4
Density O 0.2 0.1 0.2 0.2 0.1
Sharp-shinned Hawks
Active HNests g o O QO O 0.0
Probable Pairs 1 g O 1 Q 0.4
Densaity 0.1 o] O 0.1 ) t
Cooper’s Hawks
Active Nests Y] 9] 4] O O 0.0
Probaple Pairs ) O 3 O 1 0.8
Denszity O O 0.2 © 0.1 Q.1
Other Species
Active Nestis O O 1 O O 0.2
Probable Pairs 0] o 1 Q0 ] 0.2
Density ¢ g 0.1 ¢ 0O t
All Hawks
Active Nests 14 16 4 6 7 9.4
Probable Pairs 1é 17 10 7 i1 12.2
Density 1.3 1.4 0.8 0.6 0.9 1.0 (0.15}

iDensity is given as number of probable pairs per square mile of
study area.
Z2Standard error of the mean.




Taple 1b. Hswk nesting activity on raptor census project study areas in
Maryland and Ohio 1985 & l1986.

1983 1984 1985 1986 All
Sk GR SR GR OH KD OH D

Broad-winged Hawk

Active Nests S 3 4 | ) 4 3 o 4.3

FProbaple Pairs 5 3 4 3 S 7 3 ] 5.9

Density? 0.4 0.2 0.3 0.2 0.4 0.6 0.2 0 0.4 (0,092
ked-shouldered Hawks

Active Nests V4 S 2 4 2 O 3 0 1.4

Propaple Pairs 2 5 2 4 3 0 3 O 1.7

Density 0.2 0.4 0.2 0.3 0.2 0 0.2 o 0.2 (0.04)
Red-tailed Hawks

Active Nests O O 1 O 1 O 3 o) 1.1

Probable Pairs 1 o 1 Q 2 1 2 4] 1.3

Denaity 0.1 O 0.1 O 0.2 0.1 0.2 0O 0.1 (0.02)
Sharp-shinned Hawks

Active HNestis ) O O 1 o O O 0 t

Probable Pairs 0] O 0O 1 4] o O o] 0.2

Density O O o 0.1 o o 0] 4] t
Cooper’s Hawks

Active Nests 1 1 4 Z 1 1 2 o 0.9

Propable Pairs 1 1 4 2 2 2 2 1 1.5 ~

Density 0.1 0.1 0.3 0.2 0.2 0.2 0.2 0.1 0.1 (0.03)
QOther Species

Active Nests 4] O 0 Q 0 O 0 O 0.1

Probablie Pairs 0 0O 4] o] 0 o) 4] o) ¢.1

Densaty Y 0 4] 0 O v g O t
All Hawks

Active Nests 8 9 11 10 4 S 11 ) 8.1

Probaple Pairs g 9 11 10 12 10 10 1 10.2

Density 0.7 0.7 0.9 0.8 1.0 9.8 0.8 0.1 0.8 (0.0%)

lpensity is given as number of probable pairs per square mile of
study ares.
2Standard error of the mean.
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Table 2. Raptor nesting chronology and productivity in HMinnesota, 1985
-19871

Estimated Hatcn Date Numper of Young
Hean (n) Mean (n)
%X Success?

1985
St. Croax
Broad-winged Hawk 6/14 (42 1.70 (7
100
Goshawk 1.00 (1
Smoky Hills
Broad-winged Hawk &6/17 (5 . 1.50 (&3
’ 100
Red-shouldered Hawk 6/3 (2) 1.00 (25
S0
19846
Laks Co.
Broad-wanged ngk /22 (23 0,75 (4>
SO
Red-tailed Hawk 1.00 (1)
Crow Wing Co.
Broad-winged Hawk 0,00 (2}
4]
Red-tailed Hawk 1.00 (1D
1987
White Water WHNA
Broad-winged Hawk &/10 (1)
Red-shouldered Hawk S/17 (12 1.00 (4)
S0
Red-tailed Hawk 3/9 (13 .50 (23
50

lpata represent the best estimates from field notes recorded
during nest visits.

Zpercent of nesting attempts, with known outcome, that produced at
least one voung to banding age (2-3 weeks).
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Taple 3a. Contact rates from road counts conducted from 1985-1987 using
brosdcasts ot Grest-horned Owl vocalizations {(nuaber of
contacte/number of route replications).

BWH RSH RTH SSH CH
White Water WMA 4.73 3.36 4.09 0.36 0.27
(2.88)1 (0.17)  (0.25)
Crow ¥Wing Co. 1.44 0.00 0.22 0.22 0.33
(1.86) (0.29) (0.43)
Lake Co. 1.62 0.00 0.50 0.12 0.00
(1.71) (0.14)
Smokey Hills SF 1.86 2.29 0.57 0.00 0.00
(1.80
St. Croix SF 2.11 0.22 0.00 0.78 0.11
(1.3%) (0.33) (0.00)
2aleski SF, 1986 0.15 1.46 0.77 0.00 0.31
(0.20) (0.40)
Zaleski SF, 1985 1.7 2.3 0.0 0.0 0.2
(2.3 (0.3)
Indian Springs WHMA 3.8 0.2 1.3 0.4 0.1
(4.5) (0.0) (0.1)
Fokemoke SF 0.00 0.00 0.00 0.00 0.00

lgontact rate adjusted to eliminate migrating hawks,



Table 3b. Contact rates from road counts conducted from 1985-1987 using
(number of contscts/numrber

brosdcasts of con-specitic vocalizations

of route replications’.

Species Broadcast
Study Ares
State-Year

Red-shoulder Hawk

wWhitewater WHA
MN-87

Crow Wing Co.
KN-86

Smokey Hills SF
KN-85

Zaleski SF
UH-86

Zaleski SF
OH-8S5

Cooper’s Hawk

Lake Co.
HN-86

St. Croix SF
MN-85

BWH
1.80
(1.6331

1.29
(0.00)

2.14
{1.83)

0.00

0.7
(0.7)

0.38
(0.43)

Q.40
(0.20)}

Indian Springs WMA 4.1

HD-85

Pokemoke SF
¥D-86

0.00

0.86

0.20

0.00

1.00

0.14

0.00

S55H CH
0.60 0.00
(0.173
0.14 0.14
(0.00) (0.17)
0.00 0.00
0.00 0.17
{0.22)
0.0 0.1
(0.0}
0.00 0.00
0.00 0.00
2.2 0.7
(0.2) (0.0
0.00 0.22
(0.22)

1Contact rate adjusted to eliminate migrating hawks.



Table 4. Comparison of contact rates resulting from paired
con-specific and Great-horned Owl Broadcasts, 1985 - 1987.

Contact rates

Cooper’s Hawk Red-shouldered
Hawkl
Species Broadcast

Con-specific
MN-87 2.20 .
HN-86 Q.00 Q.00
HN-85 0.00 .86
OH-86 0.67
DH-85 2.60
MD-86 0.22
KD-85 0.00

Hean 0.05 (0.05)2 1.27 (0.4%)

Great-Horned Owl ,
HN-87 3.36
HN-66 0.43 0.00
KN-85 0.00 2.29
OH-86 1.46
OH-85 2.30
MD=-86 0.00
HD-85 0.10

Hean 0.13 (0.1 1.81 0.58)

lsignaficant ditterence between means based on paired
student’s-t test at a = 0.095.
25tandard error.
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Table 5. Linear regression wmodels for predicting number of pairs (X) of hawks
based on contact rates (Y) <from road counts using Great-horned QOwl
broadcasts, 1983 - 1987.1

ﬁawk
Species (n) . BO(SE) bl (SE) MSEZ r2 SEest. P
All (520 -0.078(0.099) 0.457(0.043) 0.293 0.687 0.541 0.000

Broad-wing (7} -2.883(0.624) 1.035(0.132) 0.170 0.90% 0.412 0.001

Red-shouldered (9) 0.015(0.223) 0.532(0.08%) 0.188 0.856 0.433 0.000

Red~-tailed (9) NS
Sharp-shinned (9) NS
Cooper’s (9J ~-0.031¢0.026) 0.146(0.013) 0,003 0.837 0.054 0.000
Goshawk (9) NS
MN ALL (28> -0.027(0.100) 0.448(0.048) 0.174 0.7351 ©0.417 0.000

iThe regression model vy = bg + blX n;;—be expressed as X = [Y
+ bol/bl.
2Mean square error.



Table 6. Example statistics for regression models sssuming a) six
(6) replications of each route and b) the average contact rate
for the species or species group, and where the nrodel is
expressed as X = [Y ¢ bol/bl.

Species Standard error Hean no. Confidence
limits
of the estimate pairs (90%)
(X2 (X3 .

Broad-winged
0.402 4.57 +1.23

Hawk +

Red-shouldered

Hawk ¢+ Q0,267 2.00 «0.96
Cooper’s Hawk + 0,023 1.44 +0,30

411 HN species +« 0,001 1.25 +0 .04
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Taple 7. Numper of propable resident paira of newks on the Kinnesota
study areas compared to the number of pairs predicted from the
regression Rrodel(sa).

Study areas Species
BW RS RT S8 CH
13887
Whitewater WHA
Frobable 4 4 2 O O
Predicted:
Species model O 5.9 na na 1.5
All MN speciss 5.8 7.2 - 0 0
All species 6.1 7.5 - 0.2 0.4
1986
Crow ¥Wing Co.
Probable 5 QO 1 0 3
Predicted:
Species Model O O na na 2.0
A1l MN species 3.5 Q 0 ) 0.4
£11 species 3.9 0 0.3 0.5 0.8
Lake Co.
Probable 4 O 2 1 O
Predicted:
Species model ] ) na na O
All HN species 0.6 0 0.5 O 0
All species 3.6 O 1.0 0.1 QO
1985
St.Croix SF
Probable 14 1 O 1 O
Predicted:
Species model - 1.9 na na O
All HR species 2.4 O o 0.1 Q
All species 2.7 0.3 o 0.6 4]
Smokey Hill SF
Probable 11 4 2 O )
Predicted:
Species model - 3.9 na na )
All HN species 3.4 4.3 g.7 O 0
All species 3.8 4.8 1.1 o O
Averasge integer error
Species model 4.3 0.6 na na 0.4
All HN species 2.2 0.8 1.0 0.2 C.4
All species 1.2 1.0 0.7 0.5 0.4




APPENDIX I. HABITAT DATA AND EVALUATION

It is important to ®masintain sore perspective on the
intarpretation of the nabitar dats whien follow in this section.
The determination of selection for certain charscteristics of
nabitat py any species is dependant on sampling methods.

First, 1 have defined selection as the difference between
use and availability of a given feature measured by the same
technique{s). For example, 21f we randomly sample & forest and
find it is composed of & normal distribution of trees with
respect to canopy height, with a mean height of 18.0m, and the
same measurement taken at hawk nest sites is 24.0m we impute
selection on the part of the hawks for a higher canopy height
than is generally available. However, if our sampling of the
forest included very small sapling stands with trees too small to
support a hawk nest, then our mean of 18.0m is biased on the low
side and hawks may not be selecting taller trees from that which
are truly available. Which is to say that our sampling of the
forest included stands that were not aveilable to the birds for
nesting use. The opposite error is equally easy to make by
sarpling only old esge stands of the forest which could result in
showing no selection for higher canopy heights when selection did
occur. This is not & trivial example, as I used in this study and
others, & minimum canopy height as & requisite for accepting
randor plots. The =minimum used was the lowest measured canopy
neight at hawk nests sampled throughout the northeast (MD, P4,

€T, NY, and WI>.

31



Second, some characteristics such as “distance to the
neareat water™ are highly variable and consequently sample sizes
needed for statistical reliasbility are large (Hosher et al.
1986). In many instances, the Rinirum sample sizes reguired to be
within 20% of the mean for 95% of the samples were not achieved
in this study.

Despite the problems and cautions, comparison of hawk nest
sites with the random samples revesl general concurrence with
other similar studies. The summaries and data given below should
provide useful guides to land managers for identifying potential

nesting habitat for these species.

Random Habitat

Twenty-five plots were randomly selected within 10km of the
center of each study area and were sampled for the sane
charascteristics as measured at hawk nest sites. The similarify
between study areas (Table Al) for all characteristics reflects,
in part, our selection of study sites that appeared to be grossly
suitable nesting nabitat for hawks. Areas which were less than
704 forested were avoided as were pole stage and/or scrub
forests. These data provide the description of “available

habitat' agaeinst which the hawk nest sites are compsred.

Broad-winged Hawks
Thirty-three Broad-winged Hawk nest sites were sampled

(Table 82). Few differences from the random data can be found.
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Broad-wings nest almost at randor throughout the forest.

Although, there 1s a tendency for sites to be selected near ponds

and small steams. Management which retains a majority of forest'

cover in age classes beyond pole stage, especially around well
watered aress will be beneficial to this species. For
undetermined reasons, the St. Croix and Smokey Hills study areas
were apparently prime napitat for Broad-winged Hawk nesting. The
nesting densities observed on these aress are the highest
reported with the single exception of Rosenfield’s (19843
Wisconsin study area. Although the slightly higher density he
reported can be accounted for by differences in rethodology. He
search his area foe nests then defined the study area boundaries.

We defined the boundaries first.

Red-shouldered Hawks

Red-shouldered Hawk nests were found on only two stud}
areas, although they were observed regularly in the vicinity of
the St. Croix study area. The densities on Smokey Hills and
Whitewater study areas are indicative of good nesting habitat.
The highest density I have observed (1 psair per 20.8ril) occurred
on one of the Marvland study aresas.

Nest sites are characterized by older aged timber. The stem
count in the <2icm size class is low and overstory cover is
high. Though it wasn’t clearly reflected on the Whitewater area,

this species invariably neste close to water. Large dianeter nest
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trees (eg. »40cm DBH) within 100w of streams, rivers and ponds

are consistently selected.

Red-tailed Hawks

Very tall, large diameter trees in more copen areas of the
forests are selected by Red-tailed Hawks. These trees usually
stand apart or extend apove the surrounding canopy. Physical
access to the nest by this relatively large and less agile hawk
appears to influence site selection. Canopy height at Red-tail
sites was consistently higher than the randosm plots and overstory
stem counts were very low. The resulting open canopy also
produces high shrub densities. Ked-tails alsco tend to be found on
or near ridge tops which dissociates them from most types of
water and, again provides for easier access to the nest. This
topographic placement of the nest site may also provide ready

access to updratts commonly used by this soaring species.
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Tahle Al. Hapitat characteristics

Minnesota 1985 - 1987,

Canopy heightim)

Basal Area(mZ/ha)

No Stems <2icm

No Stems 2Zl-4lcwm

No STems >4l

Shrub Density

Overstory CoveriX}

tUnderstory Cover (%)

Ground Cover (%)

Mo Tree Species

Dist. To Water(m)

Dist. To Opening{(m’}

Slope(%)

of randomly

selected

plots in

Random Plots (n=25 per study area)

St. Croix Smokey Hls Crow Wing Lake

56.3
{10.4)

77.0
(3.82

172.2
(22.6)

65.6
(7.9

(0.4

18.7
(0.8

i5.6
(1.6}

10.4
(2.4)

158.7
(23.2)

398.4
{22.6)

126.6
(34.3)

1.2
(0.6}

411.6
(74.62

268.6
(63.4)

17.5
(0.3

16.7
(1.2)

69.8
(13.4)

£39.8
(3.5

24.1
(4.4

46.9

(3.0}

{0.22

231.2
(27.62

73.4
(15.9

ldgan/(SE).

Whitewater

18.7
Q.73 "

21.6
(1.5}

11.0
(1.4}

85.3
(2.3)

55.6
4.7)

76.7
(3.3}
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TAELE AL, Habitat

in Rinnesota, 1985 through 1587,

Nest heignt

Nest Tree Height

% hagt Heignt

DBY neet Tree
Cancpy Heipnt
Bagal Ares

No Btems (Zlom

No Stews 2l-4lcw
No Stenms )4lce
Shrup Density
{vergtory Lover (%)
Understory Cover(®)
Ground Cover (%)
fe Tree Species
Dist. To Water
Digt. To Opening
Slope (%)

8t. Croix
{13)

Pean
9. 68
21,48
46,94
3.9
28,08
15, 38
11,08
8,08
8.0a
116,88
73.68
63,00
75, 08
4, 0
g7.e
§7. &
1.08

5 FResn
2.8 1118
4,28 19.58
14,28 59,04
5.38 32,88
(.59 gl.&e
3.9 13.60
4.6 S.
3.08 7.84

.00
43,08 173, @
#3.00 69.00
16,08 54,00
11,08 54,00
(.3 3.58
96.08 24,08
81,06 148.2¢
3.7 4.0

eharacteristics of hawd nest sites

BROAD-4INGED Hawi
Lane Co  Crom Wing Co

Swokey Hille
{1

3
3.68
4,78

15,56
5,60
£, 50
&, 38
6. 00
3.8
{.08

149, 00
8.98

16. 08

2h. 60
& 9

{4)

Hean
&9
18.08
50, 1@
38, 3@
18.50
24,9
2.5
7.5
1.2
9.9
77.08
26. 34
5@, 38
3. B¢

57.0@ 123.08

S1.60
7.%

86.2@
4,38

8E
€ 18
2.84
8.3
S.83
246
3. 66
.87
8.65
8.75

(g}

Bean
19,48
25.7¢
41,80
29. 5
29,20
16, 64

6. 08

8.0

g.00

23,83 187.5¢

8026
13,47

93. 8@
82.5¢

7.15 100,80

8.78

3.5

§3.02 Se.00
39,85 365,00

1.8

g.00

13
1.8
€. 85
4,58
3. 0@
2,45
3,88
€.
&
2.8

13, 5@
6.5
2.5
g.80
1.5¢
g.ea

25,83
@0

White Hater
(1)

12,88
18, 5
64,98
28. 7%
19.7¢
8. 78
4,80
5. @
8.6
2, &
93.00
53. &
9. 00
4, @
oo, e
15,80
35.68



TRBLE fe, mepitat onaracteristice of hawd nest sites
in Manresota, 1965 through 1987,

RED=BHOLKLDERED HAWK

8. Croix Smowey Hills Lake Co Lrow Wing o White Water
(4) (4)

' Wean  BE Wean K
Nest Height 16,08 1.3¢ 12,68 1.43
Nest Tree Height 25.% 1.5 .58 .37
% hast Heipht 63,08 4.00 %8.68 4.9
DBH Nest Tres 48,28 4,08 57.2¢ &.1@
Lancoy meipns ' 25,30 1.00 (7.5 .8
Basel Ares 9. 3.1 16,28 3.0
Mo Stems (2lcm 2,00 1.08 2.5 .58
No Stewms 2i-4low .88 3,08 1,88 118
Mo Stews )4lcm 1.6¢ 1.88 2.5% 4.3
Shrup Dersity 498, 08 128,08 2.38 .40
{varstory Cover (%) 84,086 9,08 73.36 8.5
Understory Cover(%) Bo. 80 9.8 24,50 186.%
Ground Cover (%) 7.6 3.¢0 g7.88 5%
No Tres Species 4,59 1,18 288 &4
Dist, To Water 83.08 36.10 158,88 51.3¢
Digs. Te (pening 102,80 72,9 43,86 20 80

Slope (%) 7.5 .5 i.88 .28



TORLE 01, Habitac cnaracteristics of nawd pest sites

in Mimeesota, 1963 througn 1347,

Nest Heignt

Nest Tres Height

% Nest height

DBH nest Tree
Cavopy Height
Bagal Ares

No Stems (Zicw

No Btews El-éicw
ho Etews )élicw
Shrup Density
Dverstory Cover (%)
Understory Cover (%)
fround Cover (%)
No Tree Species
Digt. To keter
Dist. To Upening
Glope (%)

Smokey Hills
()
hean
9.
25, 6
76,68
53,84
24,68
23.28
@ eb
.88
4,08
2685, 60
£3.06
¢ 08
48,068
3.08
25,08
8. 08
0.60

RED-TRILED HAWR

Lake Lo Crow Wing Co
{2) {1

Fean BE  hean
i7.68 @75 15.ea
20,88 2.8 7.0
§8.9 &.7¢ 84,28
43,88 6.8 46,48
15.%9 2,08 18.20
15,76 199 24,28
8.% @58 7.0@
7.5 3.5 16,04
.00 200 1.8
g1.0@ 509 171,09
71.58¢ 11.58

4,08 5,08 0.8
62,50  2.50 180.8
2.8 4,5 380
305,06 245,08 5.00
20.68 0.00 180,084
4,% £.50 0.6

white Hater
(&)

L L]
15,10
25,98
58.38
g2, 1@
24,10
25, 48

]

3.8

3.68

119,62
38,08
56,58
75.08

2.5

£04. 00

112.54
18. 58

B

L. 78
2. 85
8, 3%
15,45
§.35
7.5
é.08
3. 88
0.8
2. 85
ig.e
15,43
7.78
8. 57
100. 00
&1, 87
1. 67



TAGLE P4, Habitat characteristics of rancosly selectsd plots

in Rinnesota, 1385 through

1987,

fnD0n PLOTS (=23 per study site)

gt Croan Swokey Hills Crow King (o Lake Co White Water

wean  BE Wean G Mean BE  Wean 5B Mean BE
Canopy Height 17,48 0,40 18,70 @77 208,18 9,68 17.50 0% 870 074
Basal fraa (5.66 8.70 15.66 1.60 18 1.5 1678 1.23 £1.68 LDA
pic Stews (2lcm 6,48 1,70 18,48 2.3 1590 2.48 9.68 240 396 &Nl
No Stews Zi-4lcw 7.4 @.7h 7.68 1,67 938 @93 8.18 .57 18.7¢ 258
Ko Stems )4icwm 0.4 0.18 6,20 .10 @18 @07 648 217 LS 0¥
Shran Density 56,30 18.39 158,70 £3.48 181,28 £7.45 69.88 13.35 1.8 1,36
Overstory Cover (%) 77,08 3,88 73.68 4.45 72,88 3.94 £9.88 3.4 B3 204
imderstory Cover(%) 24,40 4,97 43.28 4,23 44,60 4,49 26,10 4,40 55,68 472
Ground Cover (%) 74,99 3,10 108,08 0.00 93.9¢ @08 46,90 .00 76.7¢ 3, 3o
to Tree Speciss 2,00 0.28 £.60 .33 3.80 0.3 248 0.2 330 06
Dist. To Water 172,28 22,62 398,49 22,61 411.6@ 74,57 231,20 27.6Q 18208 8.72
Dist. To Opening 65.60 7.54 126,60 34.34 #RA.60 69.43 73,40 15.9¢ 40.88 5.0l
Slope (%) a2 .38 L2 059 .60 €73 53 .20 15,9 238



Habitat Data File:!

Sp Cnht Basal ST<21 S5T2l4l ST»41 ShrbD 0Cov UCov GCov

Broad-winged Hawk
11 197 97 4

Red-snouldered Hawk

1z 172 237 O
12 203 137 0
12 167 178 O
12 159 97 2

Red-tailed Hawk
13 254 179
13 227 329

(ol o]

Random Plots
898 168 182
898 156 169
99 123 192
g9 175 165 1
99 237 297
99 203 143
93 145 330
99 199 438
99 157 262
99 193 179
11 257 305
98 215 133
85 192 197
99 188 219
83 181 275
99 1lo4 184
99 182 323
99 187 189
98 158 170
99 211 157
98 226 150
98 1906 99
88 199 172
99 270 219
98 154 245

NOBUNRENOF UOQUTNOWERERWRFWWOOWV

1987, Hinnesota,

(xR e = N C -

N

70
ie6

10
10
12
11

13
18

| ad
BN ONNO O DG

NN KRB
o w oo

w
N
043

o

N

‘-—-\
WURNUE AN DD

B WOORPOFRNBROFPNOUVUOONWER OOONW
2o

[2=3

93

60
65
98
70

98
98

&8
93
68

100

78
73
95
S8
88
S8
55
90
83
73
90

100

88
88

100

58

100

80
75
&3
88

Wnitewater WHA

53 95
0o 100
20 &3
25 93
53 735
88 55
25 95
73 68
25 95
68 55
60 100
65 80
25 a8
68 58
68 48
60 88
60 60
S0 80
78 63
63 90
43 93
&3 53
63 70
1% 83
63 55
78 78

0 100
35 95
20 75
S0 95
83 70
53 68

Water

25
200
10
400

300
100

400
200
25
400
100
100
300
300
200
400
50
S00
25
25
150
200
300
25
200
20
25
200
300
50
=

Open Slpl

15

10
50

15
100

200

25

25
25
50
25
50

100

25
25
25
20
25
25 .
25
25
50
50
50
25

100

25
25
50
50
25

100

1Cnht, Basal given as x.x meters; St<21-SrbD given as counta;: UCov-GCov
& Slp given as %; distance to nearest Water and Open given as X meters.
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Habitat Data File: 1987, Hinnesota, Wnitwater WHA

Species

Broad-winged Hawk

11

Red-shouldered Hawk

iz
12
1z
iz

Red-tailed Hawk

13
13

kKandor Plotsa
99
99
389
99
93
39
89
99
99
99
99
99
S9
99
38
99
385
99
39
99
99
99
85
99
89

Nest #

7
2

3
4
5

1
&

Neat Hgt
(X.X ®m)

120

117
135
140
110

ie8
134

Co.

Win

Win
win
Win
Win

Win
Win

Win
Wab
Wab
Win
Win
Wab
bab
Win
Wab
Win
Win
Wab
Wab
Win
Win
Win
Win
Win
WIN
Win
Win
Glm
Win
Olm
Win

DEH
(X.% B)

287

2981
331
321
326
313
344
292
358
332
372
420
340
36l
324
232
198
592
434
3la
360
284
264
301
435
485

TreeHgt
(XX B)

185

210
245
225
180

230
287

173
170
135
200
276
245
232
180
172
220
308
216
205
175
110
160
210
227
155
220
245
105
200
360
133

Loc.

=R RN

Cond.

O b W

N
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