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Abstract

An accompanying article in this issue of the Bulletin (Mech 2006) purports to critique our past research. L. D. Mech attempts to show that our
model of prospective, preferred gray wolf (Canis lupus) habitat (Mladenoff et al. 1995, 1997, 1999, Mladenoff and Sickley 1998) has been
incorrect. We first state clearly that we are not opposed to the re-assessment of our work based on new data. However we believe the Mech
paper contains both serious conceptual and methodological flaws that render its conclusions invalid. Our own analysis, based on logic and
current techniques (Mladenoff et al. 2005), shows that the model has behaved according to our predictions and continues to successfully
predict wolf recolonization in Wisconsin, USA, over more than 25 years. However, the serious flaws of Mech (2006) alone show that he is
incorrect in his putative critique of our work. (WILDLIFE SOCIETY BULLETIN 34(3):878-881; 2006)
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In previous work we developed an empirically based model using
logistic regression and spatial wolf recolonization data (1979-
1992) for northern Wisconsin, USA (Mladenoff et al. 1995). The
analysis took advantage of a unique data set, where all re-
colonizing wolf packs were known and mapped for the state
beginning in 1979 (Wydeven et al. 1995). Gray wolves had been
extirpated in the state since the 1950s but began to reinvade in the
mid-1970s, presumably from the newly protected population in
northern Minnesota, USA. In our work we asked the simple
question: can characteristics of the landscape where wolves were
newly colonizing help us identify similar such areas in the state
and assist in better quantifying the amount and distribution of
such habitat (Mladenoff et al. 1995)> We used geographic
information systems (GIS) to spatially analyze available data on
land-cover types and configuration and road density. The most
significant, simplest model was based on road density. This
relationship had been shown before (Thiel 1985). We extended
this approach by using the information to map habitat-probability
classes for northern Wisconsin, where the classes of highest
probability of future wolf use were those with fewer roads
(Mladenoff et al. 1995). Similar to Mech’s (2006) own
observations, we stated no assumption that wolves require such
areas; indeed, as he has, we noted that it has been repeatedly
shown that wolves can live in many areas with surprisingly high
road and human population density if not persecuted and if wolf
fecundity and immigration are greater than mortality. However, it
is clear that any animal species will have differential survival and
population growth due to many factors across a variable landscape
of habitat quality. In our case we make no assumption that wolves
intentionally seek out more remote areas or require them, merely
that survival and growth have higher probabilities in such areas,
even assuming random dispersal (Mladenoff et al. 1995). Further
research also has demonstrated that there are relationships
between risk of human-caused mortality and such landscape
factors as road density (Wydeven et al. 2001). This is fully
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consistent with what we know of the effects of habitat variables on
the population dynamics of all wildlife species.

Over the past decade, the mapped data we produced have
successfully guided wolf management in Wisconsin, and also
anticipated areas of greatest wolf recolonization that has followed
in upper Michigan. Most recently, a detailed re-examination of
wolf habitat in upper Michigan using new data on prey (deer;
Odocoileus spp.) abundance allowed Potvin et al. (2005) to improve
our potential wolf-density estimates. Yet their results show that
after a decade our original (1995) habitat estimations were within
10% of the new results. Also, in Minnesota an apparent halt in
wolf-range expansion has been detected (Erb and Benson 2004),
contrary to speculations of Mech (1998, 2001). This halt
corresponds to our mapped primary habitat in Minnesota made
over 10 years ago (Mladenoff et al. 1995). Since the appearance of
our original paper, the same or similar approaches have been used
by many others for wolves and other wide-ranging carnivores
where the use of broad-scale mapped data analysis is appropriate
(e.g., Corsi et al. 1999, Carroll et al. 2001). We have always stated
that our analysis is empirical in nature, based on data on the
regional landscape and a dynamic wolf population. We have
repeatedly emphasized that we expect the ability of such a static
model to predict areas of wolf recolonization over time to change
and that our estimates are conservative, given that wolves will, in
fact, occupy less favorable areas as well. Indeed, we performed the
first such reassessment of the model to examine this in Mladenoff
et al. (1999). Also, we have cautioned that extension of the results
to very different species, landscapes, or carnivore populations at a
different stage of growth and colonization may not be valid
(Mladenoff and Sickley 1998).

In the 1999 paper, we tested our predictions using actual data of
new wolf packs that had colonized northern Wisconsin (1993—
1997) after our model creation, based on habitat-class use and
availability relationships. The model clearly continued to predict
the locations of ongoing wolf recolonization based on our
determination of favored habitat in 1995. In his current paper,

Mech (2006) suggests that sufficient additional time has passed
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and an additional assessment of our model was warranted. We
wish to state clearly that we are not opposed to this and, in fact,
agree that after a decade of dramatic wolf population change,
valuable information may be gleaned from any apparent change in
the predictive ability of the model. We have stated before that we
expect complex interactions over time and space to affect more
recent wolf colonization (Mladenoff et al. 1999). These include
wolf population increase and spatial spread, changing landscape
characteristics, primary habitat occupancy, and changing human

behavior (Mladenoff et al. 1997, 1999).

Discussion

Flaws in the Mech Paper

We believe that the approach taken by Mech (2006) is seriously
flawed. As such, it does not qualify as a test or refutation of our
work.

Conceptual premise.—Mech (2006:874-875) states that the
basis of our model is flawed because “It is clear that wolves do not
require wilderness...” and “apparently because it failed to
consider the adaptability of wolves,” suggesting that these were
the assumptions of our work. They are not. In fact, we have
repeatedly stated our agreement with these statements and that
wolves are not habitat-specific (Mladenoff et al. 1995, 1997,
Mladenoff and Sickley 1998). In 1999 we emphasized that “We
now know that wolves do not require wilderness to survive, but
require adequate prey and reduced killing by humans (Peterson
1988, Mech 1995). These factors mean that, with legal protection,
wolves can occupy more of the landscape than was initially
assumed. . .” thus agreeing with the adaptability premise (Mladen-
off et al. 1999:43).

Mech himself has pointed out that wolves are limited by human-
caused mortality, intraspecific strife, disease, starvation, and prey
abundance (Mech 1970, 1977), all points with which we agree.
But it appears that Mech’s current, unarticulated hypothesis is that
all of these factors and the result—successful wolf colonization—
are random in relation to habitat and the regional landscape. We
contend that this makes no biological sense, according to accepted,
basic principles of wildlife biology (Andrewartha and Birch 1954,
Caughley and Sinclair 1994). Analytically, Mech’s argument may
benefit from consulting more recent, dynamic approaches (see,
e.g., McCullough 1996, Boitani and Fuller 2000, Gittleman et al.
2001, Manly et al. 2002). Our suggestion, empirically derived, is
that differential wolf survival will occur in some areas and not
others, largely due to reduced human-caused mortality, either
accidental or deliberate. This does not contradict these principles.
As noted above, further research has shown that mortality by
humans is more likely in certain landscape areas than others
(Wydeven et al. 2001). Finally, we argue that Mech’s putative
analysis ignores the very fundamental principal that assessing
significance of use of habitat classes or other resources by an
animal can only be done in the context of relative availability
(Morrison et al. 1992, Aebischer et al. 1993, Manly et al. 2002)
and, in this case, how availability has dramatically changed over
time. This is the most serious conceptual flaw in his argument.

Methodology.—Mech (2006) bases his critique of our work on
an approach that we contend is too imprecise and does not meet
currently acceptable standards. We argue that the methodology he

used created multiple levels of error. The causes of these errors
include the following:

1. Mech (2006) has photocopied 2 letter-sized, published maps of
northern Wisconsin to carry out this exercise. These maps are
approximately 4 X 6 inches (10 X16 c¢m) in size, one from an
unpublished annual report of the Wisconsin Department of
Natural Resources (DNR) showing wolf packs (Wydeven and
Wiedenhoeft 2004), and fig. 2 from Mladenoff et al. (1999)
showing our wolf favorability classes mapped on the landscape.
A photocopy machine was then used to “... [enlarge] the
habitat-suitability map to the same size and scale as the pack
territory map” (Mech 2006:874).

2. We cannot know if the 2 maps were created with accuracy and
precision suitable for analysis because they are merely copies of
illustrations taken from publications. We are not told what the
cartographic projections of the 2 maps are or if they are the
same.

3. It is not possible to assess, of course, the further errors of
precision and accuracy that accumulate when attempting to
overlay, by hand, a “transparent acetate copy” of the pack
territory map onto the habitat map (Mech 2006:874).

4. The errors described in the previous point are exacerbated
because the polygons of interest (pack areas) and their critical
locations in a complex matrix of habitat classes are small
fractional areas of the total map.

5. Mech (2006) made subjective estimates of how much each pack
territory intersected a given habitat class, and each pack was
assigned to a habitat category on that basis. Given the
imprecision described above, this approach cannot be assessed
for accuracy.

6. Two distinct, subjective methods of habitat-class assignment
are described in adjacent sentences: “Where a territory
boundary enclosed areas of more than one probability, [Mech]
scored the probability encompassing the greatest portion of the
territory for that territory” followed by, “If a territory enclosed
areas of several probabilities, [Mech] used integrated proba-
bility.” (Mech 2006:874). It is unclear which approach was
used, or how the subjective integration was performed; details
are not provided.

7. Mech does not include in his paper a figure of the copy-
machine-based map overlay to allow reader assessment. Only a
numerical summary of the subjective results are provided
(Mech 2006, table 1), and these form the basis of the putative
refutation of our model.

8. No statistical methods are used to test or validate the claims
and conclusions. Moreover, at the scale at which this was
performed, and using this subjective approach, we were unable
to replicate Mech’s numerical results.

Most seriously, this flawed technique has been combined with
the fatal conceptual error: ignoring the necessity of assessing
habitat-class use versus availability and treating the data as
changing relative proportions of habitat classes and wolf
abundance over time. Thus, we argue that, due to several
cumulative errors and conceptual and methodological flaws, the
paper lacks validity. This conclusion is not based on a need for

highly technical GIS methods but is based on a lack of
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fundamental principles of map use and analysis that have existed
for decades (Robinson et al. 1995), and basic principles of wildlife
ecology. Indeed, an anonymous reviewer of our earlier draft
pointed out that “the two maps (figures 1 and 2) that he [Mech]
shows lack sufficient common control points to properly overlay.
... I believe that Mech reads too much into his interpretation, by
ignoring registration error and the functional scale of models such
as Mladenoff’s. ... Mech should re-evaluate his interpretation of
the data he has presented. The fact that 60% of wolf polygons
actually occurred in areas of habitat (regardless of probability) says
that the model is working. His figure 2 supports this conclusion
since the vast majority of his black circles are within predicted
habitat.”

Certainly though, GIS capability and the appropriate expertise
to carry out valid work currently is available to Mech, as are the
public data needed for the analysis. Similarly, many such
applications of high-quality work exist in the peer-reviewed
literature (Boyce and McDonald 1999, Corsi et al. 1999, Carroll
et al. 2001).

Regardless of the validity of the data Mech generated, no
statistical evaluation of habitat use and availability was performed.
The least-suitable habitat class is by far the largest area of 6 classes
and itself constitutes over half of the map (>>54%). The fact that
after 25 years some wolves are occupying this class is neither
surprising, as the reviewer has noted, nor is it evidence of the
model failure. It is, in fact, expected by chance and, therefore,
trivial. Indeed, since remaining high-quality areas are now
generally scattered habitat fragments which may not be functional,
it is surprising to us that the model still performs significantly; we
did not expect this (Mladenoff et al. 2005). Thus, even if they
were valid data, a correct interpretation of Mech (2006) does not
disprove our model.

Elsewhere, we have presented an appropriate analysis of

Wisconsin wolf recolonization from 1979-2002 (Mladenoff et
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al. 2005). The results are intriguing in revealing how the
performance patterns of the model have changed over time, as
the number of wolf packs has changed from 5 to 82 and the
number of wolves in Wisconsin increased from 25 to 327 (425 as
of 2005). The changes are consistent with those we predicted
would occur over time (Mladenoff et al. 1999), yet continue to
significantly predict continuing wolf occupation of the landscape
(Mladenoff et al. 2005). Thus, Mech (2006) is incorrect in his
assertion that the model has not been consistent with our
predictions. We are left puzzled that this work, by a noted wolf
biologist, was submitted and passed the review and editorial
process.

Summary

We have shown that the paper by Mech (2006) lacks any
reasonable theoretical basis or hypothesis, and conflicts with what
is broadly known about animal behavior and population dynamics.
It is based on imprecise, subjective methods that are not acceptable
by current scientific standards, nor is it necessary to use methods
of such poor quality. Only incomplete, un-replicable results are
provided by Mech (2006) and, therefore, we contend any
interpretations and conclusions are meaningless. We presented
an appropriate analysis and results at the recent annual meeting of
The Wildlife Society (Mladenoff et al. 2005) showing model
behavior has changed, as expected, but has continued to
successfully predict wolf recolonization over more than 25 years
in Wisconsin. We argue that, even aside from our own analysis,
Mech’s (2006) flawed work cannot form the basis for a valid
critique of our work, and he is incorrect in stating that the model
has not been consistent with our predictions.
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