
Abstract.-We present a structured problemAn Ecological Problem solving process that can help resorve wildlife 
management issues. Management goals for wildlife Solving Process for Managing 
species are expressed In terms of populations to be 

Special-Interest Species'	 attained and maintained. Habitat quan1fty and 
quality necessary to achieve those population goals 
can then be determined. Proposed land-use 

Henry l. ShorF and Samuel C. Williamson 2	 changes are evaluated in terms of how they will 
contribute toward recovery or extinction of ~he 

species of Interest. 

Land-usc problems associated with 
the need to protect wildlife habitat 
and the desire to develop resources 
can sometimes be resolved using an 
ecological problem-solving process. 
The process requires development of 
a management goal for individual 
wildlife species, determination of the 
quantity of habitat required to 
achieve that management goal, and 
an appraisal of how development 
scenarios will affect the management 
goal. 

We describe how the process 
might work using available data 
about the endangered Mount Gra
ham red squirrel (Tamiasciurus 
hudsonicus grahamensis). The exercise 
is relevant because the squirrel exists 
entirely as a disjunct population in 
the high elevation coniferous forest 
community of the Pinaleno Moun
tains of southeastern Arizona, and a 
new astrophysics observatory has 
been proposed within important 
squirrel habitat. Our process was not 
applied in the development of the 
Environmental Impact Statement 
(EJS) prepared for the red squirrel 
and its habitat nor in negotiations for 
the future management of the squir
rel. An extensive and current infor
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mation base (Spicer et al. 1985; U.S. 
Forest Service 1987, 1988) recently 
has been developed for the Mount 
Graham red sqUirrel in order to de
velop the EIS for the proposed astro
physics observatory. We applied 
these data to a cumulative impacts 
assessment process being developed 
by the U.S. Fish and Wildlife Service. 
We assume that species-habitat man
agement goals can be developed and 
that these goa] statements can drive 
habitat management plans and ac
tivities. We have not analyzed the 
merits of any development scenarios 
proposed for the astrophysics obser
vatory. 

The Pinaleno Mountains are an 
isolated range that supports one of 
the southernmost spruce-fir forests in 
North America (Spicer et al. 1985). 
The Mount Graham red squirrel is 
endemic to the small patches of co
niferous forests that occur at the 
highest elevations of the mountains. 
The squirrel has been affected by a 
variety of human activities and natu
ral events that have altered its habi
tat. Disturbances included comple
tion of a road to the mountain lOp in 
1933, introduction of the tassel-eared 
squirrel (Sciurus aberti) in 1941 to 
1943, extensive logging activities in 
subalpine coniferous forests from 
1946 to 1973, a major fire in 1956, and 
extensive wind throws in the 1960's 
(Spicer et aL 1985). The squirrel was 
first collected from the Pinaleno 
Mountains in 1894 and was consid
ered "common" in the spruce-fir 

zone above 2,590 min 1914. Since the 
early 1950's it has been considered 
"uncommOn" throughout the conifer
ous tree ZOne of this mountain range 
(Spicer et a1. 1985). 

THE PROCESS 

The problem-SOlving process used in 
our analysis contains three principal 
steps (fig. 1). Problem description, 
the first step, defines the ecological 
problem and identifies the species, 
study area, and time frame of con
cern. 

Problem analysis, the second step, 
develops biological information nec
essary to achieve a solution. An ini
tial effort is to describe a manage
ment goal for the species of concern 
in terms of a specific population level 
to be achieved and maintained. This 
numerical target is not a vague state
mentto "maintain" or "enhance" be
cause such terms cannot be used to 
measure the results of management 
actions. The management goal 
should be collaboratively developed 
so that all interested parties reach a 
consensus on the desirability for per
petuating the species and on a popu
lation level to be achieved by man
agement. It is understood that mutu
ally agreed upon goals represent 
compromise and that compromises 
are rarely satisfactory to all COn
cerned parties. 

It is then necessary to determine 
the quality and quantity of habitat 
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required to nchieve the management 
goal. This requires building a model 
dcscribing habitat requirements for 
the species. An understanding of 
how human aClivities and natural 
events impact habitat quality and 
quantity is also desirable because the 
management of these restricting ac
hans may help achieve the manage
ment goal for the species. The identi
fication of causes contributing to 

habitat deficiencies can be made by 
interviewing persons familiar with 
the specics and the particular habitat 
conditions within the study area. 

The third step in the process, solv
ing the problem (fig. 1), is accom
plished after: (1) the amount and 
quality of habitilt necessary to fulfill 
the management goa] has been deter
mined, (2) the quantity of suitable 
habitat presently available has been 

I.	 Lescrite the Problen 

II . Analyze the Problen 

1.	 ~tennine the Managment GJal for th3 ~ies. 

2.	 r:es:r1l::e Irrp::lrtant Habitat o:mitims for tte S~ies. 

3.	 Cciermine h:w H..m3.n Activities Affect H3.bitat O:x1ditiCllS 
~rtant to tm species. 

III. SOlve tOO prcblen 
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Figure I.-Step! of the problem-solving process. 
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Figure 2.-Posslble trend$ln abundance of the Moun! Graham red squirrel. (Populatlon de
scriptions are those 01 Spicer et oJ. 1985.) 
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documented, and (3) the quantity of 
suitable habitat that would be avail
able under different land-use options 
has been projec ted. 

Describe the Problem 

The Mount Graham red squirrel has 
probably declined during this cen
tury (fig. 2) in part because of the 
piecemeal degradation of isolated 
forest habitat. The variety of human 
activities and natuial events causing 
this decline might soon be aug
mented by the development of the 
astrophysics observ<ltory on the Pi
naleno Mountains. Can this and rf
lated developments occur in a man
ner that does not further jeopardize 
the existence of the endangered red 
squirrel during the fore~able fu
ture? 

Analyze the Problem 

Determine the Management Goal 
for the Species 

The management goal is described in 
terms of a population to be attained 
and maintained. Ideally, population 
goals should be based on quantita
tive historical levels of abundance. 
Population goals are more difficult to 
establish if historical information 
about population levels are fragmen
tary and descriptive, as for the 
Mount Graham red squirrel. In such 
cases, criteria for establishing desired 
population levels should consider: 
(l) estimates of present populations 
and trends, (2) threshold. values nec
essary to ensure the survival of the 
species, and (3) estimates of the po
tential population level that could be 
attained if management of an area 
was accomplished solely to benefit 
the species. 

Estimates of population trends for 
the Mount Graham red squirrel are 
largely qualitative (fig. 2). The results 
of field work suggest that the au
tumn 1987 population of red squir



rels on the Pinaleno Mountains might 
be 246 (206-286), (U.S. Forest Service 
1988:37). Computer simulations of 
population dynamicS of the red 
squirrel (U.S. Forest Service 1988:74) 
are only minimally helpful because 
data such as natality and mortality 
for the Mount Graham red squirrel 
are unknown. The computer simula
tions suggest probability levels for 
extinction under different combina
tions of mortality and reproduction. 
The predicted carrying capacity for 
the squirrel under current habitat 
conditions has been estimated at 502 
squirrels. The potential future carry
ing capacity, based on the quantity 
and present age structure of mixed 
conifer and spruce-fir stands, is 725 
squirrels (U.s. Forest Service 1988:72
73). Thus, the current population of 
red squirrels might be somewhat 
higher than that in the early 1960's 
when the species was reported as 
possibly extirpated (fig. 2), but less 
than one-half the present carrying 
capacity for the species. The collabo
ratively developed management goal 
might state, for example, that the 
management goal for the species is to 
develop and perpetuate a red squir
rel population equal to the present 
carrying capacity of the habitat for 
the squirrel which is estimated at 502 
squirrels (U.S. Forest Service 
1988:73). 

Describe Important Habitat 
Conditions for the Species 

A species-habitat model for the red 
squirrel can be based on the squir
rel's dependency on seed cones and 
trees that produce those cones. Coni
fer seeds are the primary food of the 
red squirrel, which cuts cones in 
summer and caches then in middens 
in dense needle litter at stumps, 
downed timber, and on the base of 
snags or live trees in forests with 
dense overstory canopies (Spicer et 
a1. 1985). 

We constructed a species-habitat 
model for Mount Graham red squir

rels using data given in the U.S. For
est Service (1987) report. The struc
tural stage, tree species, and canopy 
density that compose red squirrel 
habitats are classified as excellent, 
good, fair, poor, very poor, and no 
value (fig. 3). These data were devel
oped by U.S. Department of Agricul
ture Forest Service personnel and 
others familiar with the habitat re
quirements of the squirrel and were 
based on vegetation type and struc
tural stage, the number of snags and 
downed logs per hectare, aspect, and 
slope (U.s. Forest Service 1987:44). 
Midden complexes are a focal point 
of territories and the number of ac
tive middens is supposedly associ
ated with the number of red squirrels 
in a stand (Spicer et ai. 1985). The 
data for middens per hectare have 
been adjusted so that a score of 1.0 is 
listed for excellent habitats, 0.0 for no 
value habitats, and intermediate val
ues are listed for habitats of interme
diate quality (fig. 3). 

The species-habitat model de
scribes conditions in habitats of dif
ferentquality. A simple word model 
was then developed to describe a 
unit of good or excellent habitat for a 
red squirrel (fig. 4). The model devel
oped from information in figure 3 
and U.S. Department of Agriculture 
0987:33-37) defines suitable habitat 
for a red squirrel as a 1-ha forested 
block that: (1) is contiguous to other 
si milar forested blocks, (2) provides a 
dense overstory canopy of spruce-fir 
or mixed conifers, and (3) contains 
about 15 "good" seed-bearing trees 
per hectare. 

Such species-habitat models are 
general and approximate. Still, they 
provide an estimate of what com
prises a unit of habitat area and con
dition that might be required by a 
squirrel. If a management goal is to 
provide habitat for Xred squirrels 
then that goal can possibly be 
achieved by providing X units of 
good to excellent habitat (fig. 4). The 
need to provide this quantity of a 
specific habitat condition should 
drive management plans for the sub
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alpine coniferous forests of the Pi
nalcno Mountains. 

Determine How Human Activities 
Affect Habitat Conditions 
Important to the SpecIes 

Several human activities and natural 
events may ad versely affect habitats 
of the Mount Graham red squirrel 
and reduce the opportunity to 
achieve the management goal for the 
species. A hsting of possible impacts 
on the Mount Graham red squirrel 
and the probable resulting habitat 
changes is in figure 5. 

The cells in a cause-effect matrix 
(table I) list estimates of the direction 
and relative importance of each fac
tor affecting a habitat criterion. The 
cells within the cause-effect matrix 
can be completed after synthesizing 
information from the literature, from 

best professional judgments elicited 
from selected persoIUlel or preferably 
from analyZing results of appropriate 
research. Informalion within the 
cause-effect matrix can indicate the 
relative importance of different hu
man activities on squirrel habitats 
and identify actions to be favored or 
avoided to help achieve the manage
ment goaL For example, habitat frag
mentation, clearcutting, selective har
vest, and forest management favor
ing early vegetation successional 
stages are important negative factors 
to red squirrel habitats whereas man
agement favoring dense, mature or 
old-growth stands of mixed conifer 
and spruce-fir forests are important 
positive actions, favorable to red 
squirrels. Causes of negative and 
poSitive impacts to species or habi
tats of concern are factors that 
should be considered when formulat
ing and evaluating plans for modify
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Figure 6.-Habltal conditions under a variety 01 management strategIes.
 

lng habitats important to selected 
wildlife speCies. 

Solve the Problem 

Determine Acceptable Slrategies 
for Managing Habitats Required 
by the Species 

A way to evaluate the diversity of 
different land-use scenarios is listed 
in figure 6. Threshold values describ
ing the quantity of suitable habitat 
necessary for achieVing the manage
ment goal for the red squirrel can be 
represented as habitat condition 2 in 
figure 6. If the quantity of suitable 
habitat presently available had ex
ceeded this threshold value (condi
tion Ia) then changes to the quantity 
of available habitat could be toler
ated and that fact could be consid
ered in making a decision about a 
potential land use. 

The present quantity of good to 
excellent habitat for the red squirrel 
in the Pinaleno Mountains, however, 
is probably more closely approxi
mated by condition Ib in figure 6. A 
variety of conditions like those item
ized in table 1 have reduced habitat 
quality and quantity resulting in a 
diminished squirrel population with 
an endangered species listing. A 
land-use plan that continued impacts 
(like those listed in table 1) would 
further reduce the area and quality of 
contiguous blocks of forest habitat 
important to the squirrel. Any fur
ther fragmentation or degradation of 
habitat would be expected to further 
diminish the population ObI in fig. 
6) and perhaps threaten extinction of 
the subspecies. A land-use plan that 
neither allowed further degradation 
of habitat nor actively improved 
habitat conditions for the squirrel 
might result in maintaining present 
population levels (l b2 in fig. 6). The 
most desirable land-use scenarios are 
those likely to produce trend lines 
such as lb3 (fig. 6). These land-use 
plans would minimize fragmentation 
of habitats and would actively man
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age habitats to develop large contigu
ous blocks of old-growth mixed coni
fers and spruce-fir on the Pinaleno 
Mountains to help attain the desired 
population level of red squirrels. 

CONCLUSIONS 

We emphasize that potential land
use change can be evaluated in a ra

tional manner if management goals 
for wildlife resources have been pre
viously established and agreed upon. 
The merit of this approach is that 
planning becomes an active rather 
than a reactive exercise. Too often we 
evaluate proposed land-use cl1anges 
in terms of how they might affect 
present habitats and present popula
tions without considering how pres
ent conditions compare to desired 

populations and necessary habitats. 
Without establishing a management 
goal and determining the habitat 
conditions necessary to achieve that 
goal, we could accept the wrong 
baseline for developing our manage
ment strategy (perhaps something 
analogous to line Ib2 in fig. 6). If this 
occurs, we might have little success 
in maintaining viable populations 
because we frequently strive only to 

Table 1.-A cause-eNeet matrix that IIsb the relative Importance of causal agenb (causes listed In rig. 4) that change 
Ihe quanllty and quality of habitat features (eNectsllsted In fIg. 4) for the Mount Graham red sqUirrel. A (+) value Indl
cales a posllive Impact and a (-) value Indicates a negative Impact. Numerical values Indicate the magnitUde of an 
Impact; (0) =negligible; (1) =minor; (2) =Important; and (3) =very Important. 
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Selective harvest (thinning) of trees -2 -2 -2 -2 -2 -2 +2 -2 
(windthrow is analogous to selective 
harvest) 

Clearcutting (or development (forest -3 -3 -3 -3 -3 -3 -3 -3 
fires are analogous to clearcutting) 

Management favoring early -2 0 0 -2 -2- 3 -1 -2 
succession stages 
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or old growth spruce-fir 

Management favoring dense, mature, +3 +3 +3 +1 +3 +3 +3 +2 
or old growth of mixed coniferous species 

Removal of snags and woody debris 0 0 -2 0 0 -2 -3 ·1 

Presence of tassel-eared squirrels 0 -1 0 -1 -1 0 0 -1 
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maintain marginal populations in 
marginal habitats, A rule for judging 
the suitability of a proposed land-use 
change might be that land-use 
change that can be accomplished 
while promoting trend lines like 1b3 
(with strong positive slopes) or 
which produce conditions like line 2 
in figure 6 are environmentally ac
ceptable and can be accomplished if 
they are socially and economically 
desirable. 
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