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Abstract: An important research area regarding the wild turkey (Meleagris gallopavo) is development of sound habitat models.
Habitat models provide standardized methods to quantify wild turkey habitat and stimulate new research hypotheses. Habitat
suitability index (HSI) models show species-habitat relationships on a scale of O-I, with 1 being optimum. A proposed HSI
model for Merriam’s turkeys (M. g. merriami) was applied to data we collected at Merriam’s turkey locations and random sites
in the Black Hills, South Dakota. We tested this model, assuming that if al available habitats were suitable for turkeys, HSIs of
random sites should not exceed those of turkey locations. Severa variables and one component of the proposed model had
higher HSIs from random sites than from turkey locations. The overall HSI from the Lindzey-Suchy (L-S) model suggested low
habitat suitability for an area with an abundant and productive turkey population. We propose a revised HSI model that contains
winter and summer brood components. Optimum values for some variables of our model are similar to those from other sub-
species of wild turkeys.
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(Healy 1990). Hahitat models provide biologists with tools
to examine wildlife habitat requirements and habitat quality.
Economicaly and socialy important management decisions
affecting wildlife and wildlife habitats are often based on
models (Schamberger and O’ Neil 1986; O’ Neil et a. 1988).
Habitat models aso provide hypotheses of species-habitat
interactions. Research to test these hypotheses and assess
mechanisms of habitat selection processes are by-products
of habitat models. However, wildlife habitat models have
shortcomings (e.g., Van Horne 1983).

Habitat suitability index (HSI) models provide a numeri-
cal index of habitat quaity for species (Schamberger et al.
1982). These models are based on the Fretwell and Lucas (1969)

F=3 S

Modeling wild turkey habitat is a procedure to quantify and synthesize habitat
relationships. (L. Flake)

There is great need for a generalized theory of turkey
habitat selection and the development of models that direct
management and evaluate landscapes for wild turkeys

model of habitat selection and assume a positive relationship
between carrying capacity and HSI (Schamberger et a. 1982).

A habitat model for eastern turkeys (M. g. silvestris) has
been developed (Schroeder 1985), but no habitat suitability
models have been published for Merriam’s turkeys. An un-
published HSI model for Merriam’ s turkeys was proposed by
F. G. Lindzey and W. J. Suchy (U.S. Fish and Wildl. Serv.,
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Previously a Habitat Suitability Index Model was devised for the Merriam’s
turkey. (C. Sieg)

This model was applied to data collected at turkey locations and random
sitesin the Black Hills. South Dakota. (L. Flake)

A revised Habitat Suitability Index Model that contains winter and summer-
brood components is proposed. (L. Flake)

Western Energy and Land Use Team, Fort Collins, CO;
unpubl. rep. 1986). The L-S model was developed from liter-
ature and has not been tested. Our objective was to test the

L-S modd and present a revised HSI model based on our re-
search on Merriam’ sturkeysin the Black Hills, South Dakota.
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A. J. Bjugstad (deceased) provided initial advice and encour-
agement. K. L. Jacabson, L. J. Harris, R. A. Hodorff, T. R.
Mills, C. D. Oswald. and IS. J. Thorstenson provided techni-
cal assistance. M. P. Green was a volunteer throughout this
study, and R. L. Taylor allowed access to his property. L. D.
Flake, B. D. Leopold, S. D. Schemnitz, and an anonymous
referee reviewed earlier drafts of this manuscript.

METHODS

HSIs represent the relative suitability of habitats (0 is
unsuitable and 1 is optimal) (Schamberger et a. 1982) to sup-
port Merriam’s turkeys. We used the terminology from the L-S
model because it aso occurs in other HSI models. HSIs are
computed for model components (HSI) of hypothesized math-
ematical aggregations for key habitat variables that supply
life requisites of the species (U.S. Fish and Wildl. Serv.
1980; Schamberger et al. 1982). Hypothesized HSI s for the L-S
model are represented by equations 1.1 to 1.3 (Fig. 1). Hypothe-
sized suitability between key habitat variables (HSI,) that are
components of the L-S modd is displayed graphically and
mathematicaly (SIV1 to SIV9, Fig. 2). HSI for an area (HSIp)
is the hypothesized carrying capacity of the species. HSI, of
the L-S modd is the lowest of the HSls. Table 1 includes alist
of abbreviations and definitions used to discuss HSI models in
this paper.

We conducted research to determine habitats selected bv
Merriam’s turkeys from March 1986 to January 1989. Forty-
four turkeys (36 females and 8 males) were trapped and fitted
with backpack radio transmitters weighing approximately 108 g.
The study area boundary was determined by movements of birds
(Porter and Church 1987) during the first 2 years of our study.
We attempted to obtain one precise location each week for each
radio-marked bird that remained in the study area. We

L-S model equations

1.1Winter food component
SIWF = 3 (SIVI x SIV4) + (SIV2x SIV3x SIV4)
4

1.2 Cover roost component
SICR = (SIV5 X SIV6) 12X SIV7

1.3 Brood habitat component
gvs+SIV5 +8IV9
SIBH = 3 2

Figurel. Mathematical relationships among variables to estimate habitat
suitability for components of* the Lindzey-Suchy (L-S) model. See Tablel
for acronym definitions.
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Table 1. Acronyms and definitions used in the evaluation of the habitat suit-
ability index (HSI) model for Merriam’s turkeys proposed by Lindzey and

0.8
0.6
0.4
0.2

o o o o =

Habitat Suitability Index
S R =

>
A~

.
s
3

h

0 10 20 30 40
Basal area hard-mast trees
m?ha
SIV3
&
<

N

Vi

A

0 20 40 60 80 100
Percent soft-mast shrubs

SIVS

0 20 40 60 80 100
Percent forest area

1.0
0.8
0.6
0.4
0.2

0 20 40 60 80 100
Percent canopy cover shrubs

SIv4

0 1 2 3 4
Number hard-mast species

SIvé

0
0 20 40 60 80 100

Percent overstory canopy
cover in forest

Suchy and a proposed revised HSI model.

Acronym Definition

dbh Diameter at breast height (~1.4 m)

BA Basal area (m?/ha)

VOR Visual obstruction reading

OCC Overstory canopy cover (%)

HSI Habitat suitability index

HSI, HSI for components of the model

HSI, HSI for variables of each component

HSI, HSI from application of the model for an area

L-S Model HSI model for Merriam’s turkeys proposed by Lindzey

and Suchy

SIWF Suitability index for winter food component
SICR Suitability index for cover-roost component
SIBH Suitability index for brood habitat component
Sivl Basal area (m%/ha) of hard-mast-producing trees
SIvV2 Percent canopy cover shrubs
SIV3 Percent of shrubs that produce soft mast
SIv4 Number of tree and shrub species that produce hard mast
SIVS Percent of area with forest cover
SIV6 Percent overstory canopy cover in forest
SIv7 Percent of trees >31 cm dbh
SIV8 Estimated weight (kg/ha) of herbaceous vegetation
SIvVS Edge index for meadows

Revised Model ~ Revised HSI model for Merriam’s turkeys
SIWC Suitability index for winter component
SISBC Suitability index for summer brood component
SIV1 Basal area (m%/ha) of hard-mast-producing trees
SIv2 Number of tree and shrub species that produce hard mast
SIV3 Percent of area with forest cover
SIv4 Percent overstory canopy cover in forest
SIVS Percent of trees suitable for roosting
SIvVe Estimated weight (kg/ha) of herbaceous vegetation
SIvV7 Edge index for meadows

We measured habitat characteristics at 114 locations of
brood hens from June to September and 245 locations of adult
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Figure 2. Graphical and mathematical relationships between habitat suit-
ability and variables in the Habitat Suitability Index model proposed by
Lindzey and Suchy for Merriam’s turkeys.

purposely spread these locations among three time periods
(sunrise to 1000, 1001 to 1400, and 1401 to sunset) for each
bird. Precise locations were made by visual observation of
birds or by close-range (<100 m) determination of the bird’s
location with handheld telemetry equipment.

turkeys throughout the year. These measurements were usually
collected within 1 week of the location date. We also measured
habitat characteristics at 240 random sites from July to August
of 1987 and 1988. Random sites are not intended to contrast
used and unused sites but serve as a measure of availability.
We pooled habitat data for male and female birds because micro-
habitat characteristics between sexes were similar (Rumble and
Anderson 1996).

We averaged appropriate subsets of the data collected from
turkey locations and random sites to determine HSI, s of the
L-S model. Percentage of forest area (SIVS5, Fig. 2) and edge
index (SIVY, Fig. 2) of the L-S model were landscape measure-
ments, and HSI s for these variables are the same for turkey
locations and random sites. We assumed that if all habitat
were suitable for turkeys, HSIs from random sites could not
exceed HSIs from turkey locations if the model reflected
habitat suitability for turkeys. All habitats were not suitable
for turkeys. Thus, except HSI, for landscape variables, HSIs
from turkey locations should exceed HSIs from random sites.
This was the basis for our qualitative test of the L-S model.
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Winter Food Component

Suitability index for the winter food (SIWF) component
of the L-S model included four variables and was estimated
from the mathematical relationships among variables in equa-
tion [.1 (Fig. I). We measured bur oak (Quercus macrocarpa)
and ponderosa pine ( Pinus ponderosa) basal area at three points
per site using a 10-factor prism (see Rumble and Anderson
[1996] for greater detail in sampling protocol). Because birds
consumed mostly hard mast during winter, we used data from
November to March to estimate HSI, for mast-tree basal area
from turkey locations (SIV i, Fig. 2). Percent canopy cover
(Daubenmire 1959) of shrubs (SIV2, Fig. 2) was estimated
from 30 0.10-m? quadrats along a 60-m transect at turkey
locations and random sites. We summed percent canopy cover
for all shrub species and divided it into the summed percent
canopy cover of soft-mast-producing shrub species to estimate
HSI, for percent soft-mast shrubs (SIV3, Fig. 2). Hard-mast-
producing shrubs and trees were included in tallies to estimate
HSI, for number of hard-mast species (SIV4, Fig. 2). Hard-
mast species included ponderosa pine, bur oak, beaked hazel-
nut (Corylus cornuta), and kinnikinnick (Arctostaphylos
uva-ursi). Tallies of hard-mast species at turkey locations
were made from locations occurring between November and
March, as discussed for hard-mast basal area. Although some
researchers consider kinnikinnick seeds soft mast, we tallied
them as hard mast because they have a hard seed that is
persistent through the winter. The L-S model depicted a dis-
crete integer relationship between HSI, and number of hard-
mast species. Because number of hard-mast species was
averaged for turkey locations and random sites, we needed to
interpolate decimal values for HSI, . Therefore, we developed
a nonlinear regression estimating HSI, for number of hard-
mast species in the L-S model.

Cover-Roost Component

Suitability index for the cover-roost component (SICR)
of the L-S model included three variables and was estimated
from the mathematical relationships in equation 1.2 (Fig. 1).
Percent forest area (SIVS5, Fig. 2) was digitized from 1:24,000
maps that were constructed from 1:24,000 aerial photographs.
We did not include aspen-birch (Populus tremuloides—-Betula
papyrifera) in the variable percent forest area because this
vegetation type does not have mast-producing species, birds
were rarely observed in it, and birds never roosted in aspen or
birch. Percent overstory canopy cover (SIV6, Fig. 2) was
measured at three points per site using a spherical densi-
ometer (Lemmon 1956; Griffing 1985) and was greater at
winter turkey locations than at summer locations (Rumble
and Anderson 1996). Because this variable depicts cover
requirements in the L-S model, we used overstory measure-
ments from winter turkey locations to estimate HSI, for per-
cent overstory canopy cover. HSI, for roost tree abundance

was calculated as the percent of trees >31 c¢cm dbh (SIV7,
Fig. 2) at roosts (Rumble 1992) and at random sites.

Brood Habitat Component

Suitability index for the brood habitat (SIBH) com-
ponent of the L-S model included three variables and was
estimated from the mathematical relationships in equation
1.3 (Fig. 1). We measured height of visual obstruction (VOR)
on a pole (Robel et al. 1970) at hen-poult locations. Herbaceous
vegetation was then calculated from VORs using the follow-
ing equation:

Herbaceous vegetation (g/m?) = 125 X In (VOR [cm]) - 114.9.

We estimated herbaceous vegetation for random sites in habi-
tats that provided foraging habitat for poults. These included
meadows, ponderosa pine with <40% overstory canopy cover,
and aspen-birch with <70% overstory canopy cover. Ponder-
osa pine with >40% overstory canopy cover and aspen-birch
with >70% overstory canopy cover did not provide foraging
habitat for poults feeding on invertebrates. We used several
methods to estimate herbaceous vegetation for random sites.
In meadows, we used VORs and the equation above to esti-
mate herbaceous vegetation. For ponderosa pine with <40%
overstory canopy cover, we calculated tree basal area at the
midpoint of 20% overstory canopy cover (Bennett 1984):

Basal area (m?/ha) =%_9_4_),

where OCC equals overstory canopy cover (%).

We then estimated herbaceous vegetation beneath these stands
using equations from Uresk and Severson (1989):

Grasses (g/m?2) = e668-0.134BA
and

Forbs (g/m2) = e548-0.1284,
here BA equals basal area (m2/ha).

Herbaceous vegetation in aspen-birch with £70% overstory
canopy cover was estimated from clipped plants, which were
air dried and weighed, from three 0.5-m2 plots at each of six
sites during June 1987. Total herbaceous vegetation for ran-
dom sites was a weighted calculation based on proportional
area of habitats that we considered potential brood habitat.

Edge index (SIV9, Fig. 2) in the L-S model was not clearly
defined. We selected the shoreline development index (Lind
1974, Patton 1975) as the edge index. Merriam’s turkey poults
usually feed along forest-meadow edges (Day et al. 1991;
Gobeille 1992; Rumble and Anderson 1993). Because edge



index was included in the brood-habitat component, we
assumed that it was to be applied to meadows. The perimeter
and area of meadows were digitized from the 1:24,000 maps
of the study area. HSl,, for edge index was the same for turkey
locations and random sites.

RESULTS

Evaluation of L-S Model and Proposed Revisions

Table 2. Vaues for components of the Merriam’s turkey habitat suitability
index (HSI) model proposed by Lindzey and Suchy for turkey locations and
random sites in the Black Hills, South Dakota.

Turkey locations Random sites

Model component X HSI X HSI
Winter food

Basal area mast trees (m2/ha) 255 1.00 20.1 1.00

Shrub cover (%) 6.1 031 14.9 0.75

Soft-mast shrubs (%) 75.0 1.00 67.0 1.00

Number hard-mast species 13 0.54 1.2 0.52

HSI; winter food 0.43 051
Roost cover

Forest area (%) 8L.4 1.00 814 1.00

Overstory canopy cover (%) 49.0 1.00 47.3 1.00

Trees >31 cm dbh (%)@ 125 0.25 24 0.05

HSI . roost cover 0.25 0.05
Brood habitat

Herbaceous vegetation (kg/ha) 202.6 1.00 101.9 1.00

Edge index 2.54 0.63 254 063

HSI; brood habitat 091 091

@ Turkey location data from year-round roost sites.

Winter Food Component. HSI for the winter food com-
ponent at turkey locations was lower than at random sites
(Table 2). Low shrub cover resulted in lower HSI at turkey
locations compared with random sites. HSI. for winter food
did not reflect patterns of habitat selection by Merriam’s
turkeys in the Black Hills. Shrubs and soft-mast shrubs were
not important to turkeys in the Black Hills; birds consumed
soft mast only during summer (Rumble 1990). Scott and Boeker
(1973, 1975) suggested that soft mast and shrubs were im-
portant food sources for Merriam’ s turkeys. The emphasis on
soft mast and shrubs in the L-S model resulted from inter-
preting juniper (Juniperus spp.) as a soft-mast shrub (Scott
and Boeker 1977). Juniper berries usually occur on trees (>3
cm dbh) and are available throughout the winter. Other soft-
mast species such as raspberry (Rubus spp.), hawthorn
(Crateagus spp.), and snowberry (Symphoricarpos spp.) are
not available during winter. Merriam's turkeys in the South-
west use pinyon pine (P. edulis)-juniper during periods of deep
snow or low availability of hard mast (Scott and Boeker 1977).
Shrubs were a minor component of winter turkey habitat in
the Black Hills comprising <10% canopy cover at >90% of
radio-marked turkey locations. In the Black Hills, ponderosa
pine seeds are the preferred winter food; in the absence of
pine seeds, birds consumed kinnikinnick seeds, grass leaves,
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and grass seeds (Rumble 1990). Because neither shrubs nor
soft mast were selected by wintering birds, these variables
are excluded from our revised model (Table 3, Fig. 3).

Table 3. Values for components of the revised Merriam’ s turkey habitat suit-
ability index (HSI) model for turkey locations and random sites in the Black
Hills, South Dakota.

Turkey locations Random sites

Model component X HSI X HSI
Winter habitat

Basal area mast trees (m2/ha) 255 1.00 20.1 1.00

Number hard-mast species 13 0.54 12 0.52

Forest area (%) 81.4 0.74 81.4 0.74

Overstory canopy cover (%) 49.0 0.98 47.3 0.95

Suitable roost trees (%) 23.0 1.00 6.9 0.92

HSI winter habitat 0.66 0.64

Summer brood habitat
Herbaceous vegetation (kg/ha) 202.6 1.00 101.9 0.91

Forest area (%) 81.4 0.74 814 0.74
Edge index 23 0.59 23 0.59
Suitable roost trees (%)P 15.0 1.00 6.9 0.92
HSI, summer brood habitat 0.89 0.83

aTrees>25 cm dbh from turkey year-round roost sites.
BTrees >25 cm from June to August in hen-poult locations.

The L-S model suggested that optimal habitat suitability
for hard-mast tree basal area exceeded 10 m2/ha. Ponderosa
pine is the dominant mast-producing species in the Black Hills,
and pine seed production increases asymptotically with basal
area. Maximum pine seed availability occurs in stands 223
m2/ha basal area (Rumble 1990). Following high pine seed
production, wintering birds selected ponderosa pine stands
exceeding 28 m2/ha basal area, whereas in winters following
failure of the ponderosa pine seed crop, birds selected habitats
averaging 10 m?/ha basal area. Optimum HSI,, for hard-mast
tree basal area occurred between 21 and 32 m2/ha (SIV1, Fig. 3).

Hard-mast seed crops are infrequent throughout the west-
ern United States (Olson 1974; Oliver and Ryker 1990). Greater
diversity in hard-mast species increases the probability of mast
availahility to turkeys (Scott and Boeker 1973). Thus, HSl,,
increases with the number of hard-mast species. The habitat
suitability model for eastern turkeys (Schroeder 1985) aso in-
cludes a variable for hard-mast species. Most current ranges
occupied by Merriam’s turkeys support two to three hard-mast
species, and kinnikinnick should be considered hard mast. The
number of hard-mast species should account for the period-
icity of mast crops. Species that produce mast crops in 4 out of
5 years should be recorded as 4/5 versus 1 hard-mast species.
Prior toinclusionin tallies of hard-mast species, each species
tallied should congtitute > 10% of the stand basal area. The
relationships between HSI,, and number of hard-mast species
in the L-S model are recommended in our model (SIV2, Fig. 3).

The L-S model suggested that forest area between 50 and
90% was optimal for Merriam'’s turkeys. Optimal habitat for
eastern turkeys in Missouri had 25 to 40% open or semiopen
areas (Kurzejeski and Lewis 1985). It is generally recognized
that turkey habitats in Missouri are more productive than those
for Merriam’s turkeys, so there is no reason to assume that
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Figure 3. Graphical and mathematical relationships between habitat suit-
ability and variables of a proposed Habitat Suitability Index model for eval-
uating Merriam’s wild turkey habitat. Plotted histograms represent data
from this study.

optimal habitats of Merriam’s turkeys should contain fewer
openings. HSI, in our revised model declines when forest
area exceeds 75% (SIV3, Fig. 3).

The L-S model suggested an optima habitat of 40 to
60% for overstory canopy cover in the forest. Our data showed
optimal habitat to be between 50 and 70% overstory canopy
cover (SIV4, Fig. 3).

Cover-Roost Component. The cover-roost component
of the L-S mode suggested poor habitat suitability for
turkeysin the Black Hills. Y et the Black Hills area has excel-
lent Merriam'’s turkey population densities (Kennamer et al.
1992) that are more productive than other populations
(Rumble and Hodorff 1993). Inadequate abundance of trees
>31 cm dbh limited the cover-roost and area HSIs in the L-S
model. Lack of roost sites or trees can limit the distribution
of Merriam’s turkeys (Bryant and Nish 1975; Scott and Boeker
1975). Roost trees for Merriam’ s turkeys may be large, over-
mature ponderosa pine >40 cm dbh (Hoffman 1968; Scott and
Boeker 1969; Phillips 1980; Mackey 1984). Turkeys in the
Black Hills roosted in smaller-diameter trees, and there is
no evidence suggesting that diameter is the mechanism for
selection of roost trees (Rumble 1992). Trees selected for
roosting by Merriam's turkeys had horizontal branches
spaced at I-m intervals (Rumble 1992). In some portions of
Merriam’s turkey range, these characteristics occur only in
large old trees. This variable should be percentage of trees
suitable for roosting, and the criteria for trees suitable for
roosts should be determined for the area of application. In
the Black Hills, Merriam’ s turkeys roost in trees >25 cm dbh.
If we used percentage of trees suitable as roosts (>25 cm
dbh), HSI, for cover-roosting increased from 0.25 to 0.46 at
turkey roosts and from 0.05 to 0.14 at random sites.

The L-S model shows optimal roost habitat when 250%
of the trees are suitable as roost trees-much greater than are
necessary. Only 23% of trees at roost sites in our study were
suitable as roosts (>25 cm dbh). Birds rarely selected the same
trees or sites for roosting on consecutive nights (except during
winter), suggesting that roost trees or sites were abundant.
Phillips (1980) recommended two roost sites <1.6 hain size
per section for genera roost requirements; four roost sites
per section were required in areas of high concentrations of
turkeys. Based on Phillips's recommendations, Merriam’'s
turkeys require <6.5 ha of roost site per section (<1% of the
ared). In the revised model, a nonlinear relationship between
suitable roost trees and habitat suitability requires fewer
roost trees (SIV5, Fig. 3).

Location of roost sites may be equally important as per-
centage of trees suitable for roosting. Merriam’ s turkeys often
roost on eastern slopes, on upper portions of slopes, in multi-
story or unharvested stands >1 8 m?ha basal area, and near
clearings, water, or food (Phillips 1980; Mackey 1984; Rum-
ble 1992).

Brood Habitat Component. The brood habitat compo-
nent of the L-S model showed excellent habitat suitability for
poults. Poults require invertebrates for growth and develop-
ment (Robbins 1983; Hurst and Poe 1985), and invertebrates
are positively correlated with the amount of herbaceous vege-
tation (Healy 1985; Rumble 1990). Herbaceous vegetation



also provides cover for poultsif it issufficiently tall. TheL-S
model showed an HSI, of 1.0 for both poult locations and
random estimates of herbaceous vegetation. Y et herbaceous
vegetation at random sites was less than half as tall as that at
hen-poult locations. When the dietary protein requirement
of poults was high (<7 weeks of age; Robbins 1983), poults
rarely used forests except for loafing (M. Rumble, pers.
observ.). Optimal herbaceous vegetation in the L-S model
occurred at 2500 kg/ha. Our data suggested that 1,700 to
3,000 kg/ha of herbaceous vegetation was optimal for poults
(SIV6, Fig. 3); 80% of feeding sites of young poults had
>1,260 kg/ha of herbaceous vegetation. Eastern turkey
poults did not receive adequate food with 400 kg/ha of herba-
ceous vegetation, and >3,000 kg/ha impeded their movement
(Hedly 1985).

Edge index was the limiting variable for the brood habitat
component in the L-S model. Meadows selected by hens with
poults were often connected, and estimates of edge indices
for individua locations of hens with poults were not practical.
Except for selection of forest-meadow edges by hens with
poults, Merriam’ s turkeys rarely selected edges of other habitats.
Because we do not have a better estimate for HSI, and edge
index, we used the relationship from the L-S model (SIV7,
Fig. 3). Other methods for estimating edge relationships
were proposed for eastern turkeys (Donavan et a. 1987).

Revised HSI model equations
4.1 Winter component |
SIWC = 2 (SIVIX SIV2) + (SIV3 X SIV4 X SIV5) /3
3

4.2 Summer brood component :
SISBC = SIV6 + (SIV3X SIV7) 72 + SIVS
3

Figure 4. Mathematical relationships among variables to estimate habitat
suitability for components of a revised proposed Habitat Suitability Index
model for Merriam’ s turkeys. See Table 1 for acronym definitions.

Revised Mode

The key habitat components of Merriam’sturkeysin our
research areawere brood and winter habitats. The HSI model
we propose has two components. summer brood and winter.
Because of similar characteristics, roost habitat for Merriam's
turkeys can be managed like winter habitat (Rumble 1992).
Mathematical relationships among variables to estimate HSI, s
were modified from those in the L-S model (Fig. 4). Suitability
index for the winter component (SIWC) and the relationships
among variables are depicted by equation 4.1 (Fig. 4). Suitabil-
ity index for the summer brood component (SISBC) and rela-
tionships among variables are depicted by equation 4.2. If
summer and winter ranges overlap, the estimated HSI, should
be the lower of the HSI_s. If summer and winter ranges are
separated, consideration must be given to population boundaries
and relative area of each component.
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HSI,s for winter in our revised model were 0.66 and 0.64
for turkey locations and random sites, respectively (Table 3).
Except for number of hard-mast species, variables in the winter
component were abundant on our study area. The winter HSI,
was limited by the lack of diversity and consistency in hard-
mast production. Habitat selection patterns of Merriam’s
turkeys and diets during winters of pine seed crop failure
(Rumble and Anderson 1996) support this conclusion.
Although pine mast production is more consistent in the
Black Hillsthan in other regionsin the western United States
(Boldt and Van Desen 1974), aternative natural foods were
limited to kinnikinnick, grasses, and grass seeds.

The summer brood HSI s of our revised model were 0.89
for turkey locations and 0.83 for random sites. Data for the
HSI, for suitable roost trees were from hen-poult locations
from June to August. Hens with poults are more likely to select
a nearby tree for roosting than to go to an area typical of roosts
during the remainder of the year. Lower HSI, at random sites
than at hen-poult locations resulted from lower estimates of
herbaceous vegetation. Greater interspersion of openings had
the greatest potential for increasing the HSI, of the summer
brood component of our model. More irregularity along edges
of meadows or openings would have increased the summer-
brood HSI,. HSI,s for herbaceous vegetation were close to
optimal.

DISCUSSION

The L-S modd did not accurately reflect the habitat suit-
ability for Merriam'’s turkeys in the Black Hills. It overempha-
sized soft mast and shrubs in winter habitats and trees >31 cm
dbh for roosts and underestimated herbaceous vegetation
requirements for poults. The model aso performed poorly for
assessing the general suitability of the Black Hills as turkey
habitat. Typica applications of HSI models are made from
random samples. Thus, the L-S model resulted in an HSI, of
0.05 for an areawith an abundant and productive turkey pop-
ulation (Kennamer et al. 1992; Rumble and Hodorff 1993).
The L-S moddl also resulted in several HSI,s from random
sites that were equal to those from turkey locations. Under
normal circumstances, this should be a rare occurrence.

Models depicting the habitat requirements for a species
undergo continuous revision and modification (Schamberger
et a. 1982). Our revised model depicts habitat suitability for
Merriam’s turkeys in ponderosa pine forests in the Northern
Great Plains and Rocky Mountains. It should serve as a
stimulus for further research to define the habitat require-
ments of Merriam’s turkeys. Our revised HSI model depicts
natural habitats for al components.

Winter appearsto limit Merriam’ sturkey populationsin
the Black Hills. During periods of deep snow or pine mast
failure, birds must find artificial food sources or consume less
preferred natural foods. Average ambient temperatures during
winter are near the thermoneutral temperature of turkeys (Ober-
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lag 1985). In the Black Hills, there islittle potential for birds
to migrate to lower elevations and milder climate. Our revised
model directs attention to maintaining ponderosa pine stands
with approximately 25 m2/ha basal area as winter habitat.
Summer brood habitat in the Black Hills can be increased by
creating openings, but there will be less herbaceous vegeta-
tion in them than in natura meadows (Hamm 1973). Manage-
ment of herbaceous vegetation is important to maintain a
high summer brood HSI.. Livestock grazing independently
or coupled with drought can reduce herbaceous vegetation.
Low poult-hen ratios occur during drought periods (R. W.
Hauk, Game Rep. No. 90- 18, S.D. Game, Fish, and Parks,
Pierre).

Our research, review of literature, and development of
this model led us to conclude that “good turkey habitat” has
some elements common to all subspecies of wild turkeys.
Our estimates of herbaceous vegetation requirements for
poults are similar to those for eastern turkeys. The number of
hard-mast species and the percentage of forest area are aso
varigbles in the HSI mode! of eastern turkeys (Schroeder 1985).
Merriam'’ s turkeys may not have evolved in arid forests of the
Southwest (Rea 1980; McKusick 1986), so it is not surpris-
ing that there are similarities between their habitat require-
ments and those of other subspecies (e.g., Schroeder 1985).
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