
 

 

March 2017 

Population Viability Analysis Peer Review Reports  

 

The Marbled Murrelet Long-term Conservation Strategy Draft Environmental 

Impact Statement (DEIS), includes a draft report in Appendix C, “Using Population 

Viability Analysis to Assess the Potential Effects of Washington DNR Management 

Alternatives on Marbled Murrelets” (Peery and Jones 2016). The Department of 

Natural Resources (DNR) hired experts to provide peer reviews of this draft report.  

U.S. Fish and Wildlife Service and DNR would like to make these reports available 

to the public. The three peer review reports are attached.  

Issues raised in these reports will be used to inform the final EIS.   

 



Review Comments on M.Z. Peery and G.M. Jones.  Using Population Viability 
Analysis to Assess the Potential Effects of Washington DNR Forest Management 
Alternatives on Marbled Murrelets. 
 
Martin G. Raphael 
Raphael Ecological Consulting, LLC 
 

October 28, 2016 

 

I have gone over the report and find it to be a very thorough and compelling assessment 
of potential murrelet responses to alternative forest management alternatives on DNR 
lands.  I believe the analysis is about as complete as it can be given limitations in 
available data and understandings of murrelet ecology and population dynamics.  
Things that could have been done to improve the analysis include (1) incorporation of 
immigration and emigration to better represent population variation; (2) adding a spatial 
component to habitat attributes to better account for movement distances and likelihood 
of occupying suitable habitat as a function of distance; (3) using vital rates obtained 
from studies in British Columbia to compare with results from rates obtained in Southern 
California; and (4) using current (2015) population estimates and trends.  While these 
considerations might be feasible to implement, I can understand that time and funding 
might have prevented adding the additional complexity required for items 1 and 2. 

To explain further: 

1.  Monitoring data from Falxa et al. (2016) show variation in population estimates 
that cannot be explained by demographic vital rates alone.  For example, density 
of murrelets in zone 1 jumped in 2011 and 2012 and then fell again in 2013.  
Similarly, more recent population estimates show an increase in murrelet density 
in zone 2 in years 2014 and 2015.  The magnitude of these changes was greater 
than one might expect from changes in survival or fecundity.  Furthermore, these 
rather sudden increases could not reflect sudden increases in amount of suitable 
nesting habitat – habitat simply doesn’t change that fast.  Falxa et al. state that 
these fluctuations are best explained by movements of birds into the area from 
elsewhere.  

2. In these models, all habitat is apparently treated equally without regard to its 
location on the landscape. Creating a more spatially explicit model would provide 
a way to account for proximity of suitable habitat during the dispersal process.  
100 acres of habitat that is 40 km away from a population source should have a 
different likelihood of colonization than a similar patch that is adjacent to a 
population source.  In the report, lines 217-221, there is an acknowledgment of 
the lack of a spatially-explicit component, but I think there should be some 
additional discussion of implications of this aspect of the model design. 



3. The vital rates used in this model are derived from Peery et al. 2006.  It is curious 
why the authors did not use vital rates from the much more robust sample from 
British Columbia (Cam et al. 2003. Conservation Biology 17:1118–1126) where 
the habitat and the murrelet population might be considered more analogous to 
the DNR population in WA state.  In that study, adult survival varied from 0.83 to 
0.93 depending on the dataset used. 

4. The authors used monitoring data from the NWFP effectiveness monitoring work 
(Falxa et al. 2016).  Those data extended to 2013.  However, more recent data, 
extending to 2015, are available and results from these more recent surveys 
differ from those used in this study (Lynch, D. Falxa, G., J. Baldwin, M. M. Lance, 
S.K. Nelson, S.F. Pearson, M.G. Raphael, C. Strong, and R. Young. 2016. 
Marbled murrelet effectiveness monitoring, Northwest Forest Plan: 2015 
summary report. 
http://www.reo.gov/monitoring/reports/murrelet/Lynch%20etal%202016_NWFPE
M%20Marbled%20Murrelet%202015%20Summary%20Report.pdf).  I know that 
data are always changing and that one must choose a dataset at some point, but 
it seems the most recent data should be employed. In these newer data, the 
population trend in WA (zones 1 and 2) is -4.4% per year (-6.8, -1.9), which is 
lower than the -5% rate used in this report. 

On a more basic level, as interesting as the viability approach is, it is worthwhile 
pointing out that almost all of the useful information is in the habitat trajectory.  I am not 
convinced that the viability model adds much to our assessment of the relative merits of 
the alternatives.  Consider the following graphic: 



 
 

 
 
 

 
 
 

 
This figure shows the estimated population size at year 50 of the simulations in relation 
to acres of raw habitat at year 50 for each of the alternatives (estimated from Figures 2a 
and 10).  Clearly there is a very strong relationship, and almost all of the variation (97%) 
in population size can be accounted for by acres of habitat.  The viabilty analysis 
requires a number of simplifying assumptions, primarily the choice of vital rates.  
Changing those rates, as was done for Risk vs Enhancement, has a dramatic influence 
on population trajectory.  Furthermore, the model already assumes that habitat sets 
carrying capacity.  The report correctly notes that actual population size will result from 
the interactions of multiple stressors, only some of which can be modeled.  So why not 



just report habitat change under each alternative and use that to assess relative merits 
of each?  It is habitat that the DNR manages; DNR has no influence on marine 
conditions and many of the other stressors that can affect yearly murrelet population 
size. 

Additional comments are keyed to line numbers in the draft report. 

34.  Add words to read: due to loss of nesting habitat from commercial logging, oil 
spills… 

46.  Modify text to read: DNR lands only versus all lands in Washington. 

48-50.  It would be helpful to add the total population size to put these numbers in 
perspective. 

143.  Geographic distribution is indeed a very important consideration, and the role of 
DNR lands in filling gaps in distribution of nesting habitat was an important 
consideration in our 2008 science report.  It would be good to include some discussion 
of this aspect somewhere in this report. 

153.  The citation is Falxa and Raphael (2016).  

175-179.  Using rates that would result a population decline would mean that the 
decline would occur even if habitat was in surplus.  I am not sure the “Risk” approach is 
all that useful nor is it very informative.  If one assumes populations respond to carrying 
capacity set by amount of nesting habitat, the underlying vital rates should be able to 
project a stationary or increasing population when habitat increases.  For that treason, 
the “Enhancement” rates make far more sense to me. 

216.  In reality, populations on DNR lands and other lands should not be considered 
subpopulations, as if they have some intrinsic differences.  Obviously the birds don’t 
care where what the land jurisdiction is.  I understand the rationale here, but maybe a 
better word is needed. 

273-287.  This is where I would like to see projections based on rates estimated in the 
Cam study from BC. 

317.  How was number of available nest sites determined?  Is this the calculation of K, 
and if so, needs to be described earlier.   

361-364.  Here is where some consideration of spatial distribution, in particular 
distance, could be included or discussed more thoroughly.  I assume the whole point of 
these two submodels is to better isolate and track changes on the DNR portion of 
habitat? 

386.  Citation is Falxa et al. 2016.  However, that publication includes data up to 2013, 
not 2015, so I am not clear where the estimate of 3,616 really comes from. 



409-412.  As noted above, using the higher survival rate to achieve a stationary rate of 
population change seems arbitrary.  This degrades the veracity of the analysis and led 
to my comment above that the assessment could have been done on amounts of 
habitat alone. 

428-443.  It would be useful to describe how future harvest was modeled.  I assume 
harvest was spatially explicit so that amounts of edge and interior forest could be 
considered, but this is not stated. 

483-486.  The Chen citation applies to microclimate effects, but a second concern here 
is on nest depredation in relation to edge.  I recommend mentioning this effect here, and 
then go on to explain the details later.  

499.  As mentioned above, there are more current estimates of population trend that 
should be cited and used. 

522-526.  Did you include estimates of interior vs edge for non-DNR lands, and if so, 
how was this estimated?  Raphael et al. (2016) provides such data for federal 
lands…did you use those estimates? 

537.  Clarify that new habitat growth was modeled only on DNR lands. 

548 and on.  Be sure to state that estimates of LTFC apply to year 0. 
631-632.  This should be stated early in the methods and is a key consideration.  
Raphael et al. (2016) provide some estimates of likelihood of habitat growth on the 
federal lands over time.  In addition, there are other nonfederal lands in WA beyond 
those managed by DNR.  In particular, Raphael et al. (in press) estimate 887.1 
thousand acres of suitable nesting habitat on federal lands, 209.7 thousand acres on 
DNR lands, and 246.3 thousand acres on other nonfederal lands.  This says that there 
is more nesting habitat on other nonfederal lands than on DNR lands, and murrelet 
populations could be responding to changes on those lands too.  We found that rates of 
decline in amounts of nesting habitat from 1993 to 2012 were -1.4%, -29.8%, and 
 -39.3% on federal, DNR, and other nonfederal lands, respectively. 

677-678.  Please explain the rationale for using the value 0.016 for variance.  Where did 
this number come from?  Was it the result of trial and error before achieving “realistic 
projections and better model performance”?  As stated, the choice seem arbitrary and I 
would like to know what metrics were used to assess how the model behaved using 
your original choice of value versus the final choice. 

682-687.  As noted above, some of the variance in these counts is likely due to 
movements of birds into and out of the study area.  Is your estimate of process variance 
meant to somehow factor that source in?  Please explain in more detail.  In addition, I 
also noted above that the data extending to 2015 show a decline of more like -4.4%.  
Furthermore, it is not clear where you obtained the data for the years 2001 to 2015.  



Please add a citation.  Those data did not come from Falxa and Raphael 2016, as that 
report included years up to 2013. 

730-758.  The increases in habitat must be net change in habitat after accounting for 
both losses and gains.  In order to better judge differences among alternatives, it would 
be helpful to provide estimates of habitat losses by decade, as well as habitat gains by 
decade for each alternative along with net change.   

1046.  This citation can be updated: 
Falxa, G.A.; M.G. Raphael; C. Strong; J. Baldwin; M. Lance; D. Lynch; S.F. 
Pearson; and R.D. Young.  2016. Status and Trend of Marbled Murrelet 
Populations in the Northwest Forest Plan Area.  Pages 1-36 in Falxa and Raphael 
(tech. coords.).  Northwest Forest Plan—the first 20 years (1994-2013): status and 
trend of marbled murrelet populations and nesting habitat.  Gen. Tech. Rep. PNW-
GTR-933. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific 
Northwest Research Station. 132 p. 
 
1092.  The correct citation is: 
Falxa, G.A; Raphael, M.G., technical coordinators.  2016. Northwest Forest Plan—
The first 20 years (1994-2013): status and trend of marbled murrelet populations 
and nesting habitat.  Gen. Tech. Rep. PNW-GTR-933. Portland, OR: U.S. 
Department of Agriculture, Forest Service, Pacific Northwest Research Station. 
132 p.   
 
1094.  The correct citation is: 
Raphael, M.G.; G.A. Falxa; D. Lynch; S.K. Nelson; S.F. Pearson; A.J. Shirk, R.D. 
Young.  2016.  Status and trend of nesting habitat for the Marbled Murrelet under 
the Northwest Forest Plan. Pages 37-94 in Falxa and Raphael (tech. coords.). 
Northwest Forest Plan—the first 20 years (1994-2013): status and trend of 
marbled murrelet populations and nesting habitat.  Gen. Tech. Rep. PNW-GTR-
933. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific 
Northwest Research Station. 132 p. 
 
Table 1.  Carrying capacity row: I believe K1.0 should be 271, not 217.  I also wonder if 
K2,0 should be 1537 (based on dividing acres by 2). 
 
Appendix, line 5.  As noted above, it is not clear where these data come from; Falxa et 
al. extends only to 2013. 
 
Appendix, line 10.  Why assume edge and strings when these data are provided in 
Raphael et al. 2016? 
 
Appendix, Nest Success.  Human activity is another important factor affecting risk of 
nest depredation and should be mentioned.  In addition, stand structure has a big 
influence.  Both of these effects are described in publications by Marzluff and also in 
Raphael et al. 2002 (Raphael, MG, Mack, DE, JM Marzluff, and JM Luginbuhl.  2002.  



Effects of forest fragmentation on populations of the Marbled Murrelet.  Studies in 
Avian Biology 25:222-236.) 
 
 

 

Specific Questions to Consider  

1. If murrelets are displaced by habitat loss at the patch scale, is it reasonable to 
assume that the displaced birds will eventually disperse to another habitat 
patch (model assumption), or should we assume that murrelets displaced by 
habitat loss are permanently removed from the breeding population and 
become non-breeders?   

I believe it is reasonable to assume that displaced birds would eventually disperse to 
another habitat patch.  It is true that murrelets have high site fidelity, but if dispersal 
does not occur then we would observe areas of suitable habitat that recovered from 
past disturbance with no murrelet occupation.  This is not the case – I am not aware of 
any large areas of suitable habitat devoid of murrelets.  There has certainly been 
turnover of habitat over the past centuries, with patches being lost to fire or other 
disturbance and eventually recovering.  Murrelets seem to have recolonized such 
patches, so I feel the assumption of dispersal in justified. 

2. Is the current model structure sufficient to evaluate potential demographic 
responses to habitat changes on WDNR lands?  Are there other variables or 
alternative models to consider?   
 

As I note above, the model structure is sufficient to evaluate responses to habitat 
change, but it may not be necessary to use a demographic approach given the 
assumed relationship between populations and carrying capacity based on amount of 
suitable nesting habitat.  As I illustrate in the figure above, after all is said and done one 
could predict population size from acres of habitat without going through the 
demographic model.  The model does provide a way to assess the relationship, but if 
one starts with a simple calculation of murrelets per acre of suitable habitat and then 
project that relationship into the future, one could arrive at about the same 
understanding as having gone through the more elaborate modeling process.  
Therefore, an alternative model is a very simple one based solely on this relationship 
between number of birds and acres of habitat. 

3. The model evaluates potential demographic responses to habitat changes on 
WDNR lands at a state-wide scale.  Should the current model be restructured 
to evaluate sub-regions and or subpopulations within the state?  If so, what is 
the basis and structure for this more fine-grained assessment? 



In my opinion, we lack an understanding of variation in murrelet population dynamics 
within subregions and so there is insufficient knowledge to justify restructuring the 
model to operate within subregions.   
 

4. Consider the logic and basis of the analytical model that is based on 
mechanistic relationships with forest stands and edges – is there anything 
missing? 

 
As I note above, there is ample literature documenting changes in forest attributes along 
edges, changes in microclimate, and changes in nest depredation risk.  What is missing 
is a deeper evaluation of other stand attributes that affect risk of nest depredation, 
including proximity of human activity and stand structure (simple versus complex 
layering).  Literature also indicates cutover stands that are rich in understory 
development (producing ample seeds, berries, and insects) support greater numbers of 
potential nest predators.  Patches of nesting habitat that are juxtaposed with complex 
early seral stands may have greater risk of nest predation due to higher number of 
predators along those edges.  
 

5. Consider the scenarios (Risk and Enhancement) – are they relevant from 
perspective of conservation and population biology? 

 
The Risk and Enhancement scenarios are based solely upon different assumed survival 
rates.  It is worth portraying how results differ with adjustments to survival.  One could 
consider the two rates used as representing two bookends, one based on a declining 
population paradigm and one based on an increasing paradigm.  As I note above, the 
authors could have chosen an even more optimistic scenario had they used survival 
rates (0.93) estimated from the Cam et al. study in BC. 
 

6. Are there other ways to portray the scenarios (Risk and Enhancement), or 
other credible, relevant scenarios?  If so, might they lead to different 
inference? 
 

Per my response to question 5, using different vital rates would certainly lead to 
different relationships between amount of nesting habitat and population size.  In 
addition, one could build in varying assumptions about rates of emigration and 
immigration and that would lead to different relationships as well.  I suspect that the 
overall results, that is the relative rankings of the performance of the alternative land 
management options, would remain about the same and would therefore not materially 
alter the conclusions from this analysis. 
 
It would be very interesting to compute lambda from the vital rates and compare lambda 
to the rate of habitat change.  If the rate of habitat change shows a greater rate of 
increase than the population, this would imply that there will eventually be unused 
habitat.  Conversely, if the rate of habitat change is lower than the rate of population 
change, then this would imply that the population will be limited by amount of habitat.  In 



any case, I would recommend computing lambda and reporting it for both Risk and 
Enhancement scenarios. 
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BACKGROUND 

The purpose of this document is to provide a peer review of the report by Dr. Zach Peery 
and Gavin M. Jones, titled Using Population Viability Analysis to Assess the Potential 
effects of Washington DNR Forest Management Alternatives on Marbled Murrelets 
(2016). This report was submitted August 25, 2016 to the Washington Department of 
Natural Resources (WDNR), and the U.S. Fish and Wildlife Service. 
 
From the WDNR’s perspective, the objectives of the population viability analysis (PVA) 
for Marbled Murrelets (Brachyramphus marmoratus; henceforth, MAMU) nesting on DNR 
lands were to evaluate how the murrelet population in Washington may respond over 
time to changes in potential nesting habitat on WDNR lands.  The model was intended to 
evaluate a range of alternatives relative to each other, and was not intended to represent 
a population viability analysis for the listed population of murrelets.  Information from the 
model was sought because the WDNR concluded it was important to evaluate potential 
demographic responses to changes in habitat quality (seral stage) and configuration 
(edge vs. interior); i.e. go beyond a measure of potential carrying capacity based solely 
on the amount and quality of habitat available on the landscape. See Appendix A of this 
report for a statement of these objectives. 
 
Note that these motivating objectives are not explicitly stated as such in the Peery and 
Jones report itself. See Appendix A for how the WDNR’s objectives were outlined in the 
Scope of Work for this peer review. 
 
Primary sources of information accessed in undertaking this review were: 
 
Perry, M. Zach, and Gavin M. Jones. 2016. Using population viability analyses to assess 
the potential effects of Washington DNR forest management alternative on Marbled 
Murrelets. Unpublished report submitted to Washington Department of Natural 
Resources and U.S. Fish and Wildlife Service, Aug. 26, 2016. 
 
Perry, M. Zach, and Gavin M. Jones. 2016. Appendix (filename: 08-29-2016 MM Report 
Appendix.docx. 
 
Marbled Murrelet Long-Term Conservation Strategy: http://www.dnr.wa.gov/mmitcs. 
 
Additional literature sources consulted and/or referenced in this review are given in the 
Literature Cited section at the end of this report. 
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GENERAL QUESTIONS 

Scientific Rigor and General Consistency with Known Scientific 
Literature 

As described by the authors, PVAs are one tool that can be applied in the difficult area of 
recovery plan development and implementation. In particular, PVAs can: 1) help identify 
especially sensitive life stages of a threatened or endangered species, thereby focusing 
management and monitoring attention on those stages, and 2) evaluate how urgently 
should management to conserve the species be initiated (Morris et al, 2002, also cited 
by the authors). PVAs come in different forms, ranging from purely non-spatial, through 
semi-spatial, to fully spatially-explicit individual-based models. Across this spectrum, the 
role of habitat condition in PVA can be incorporated via simple linkages with population 
parameters (e.g. area of suitable reproductive habitat -> reproductive success; area of 
overlap with predator risk -> adult survival rate), or more complex linkages among 
habitat variables and vital rates. Any form of PVAs demands a lot of data, particularly 
time-series of sufficient length. Many authors caution that the results of PVAs can be 
misleading, if based on data of insufficient scale or time-period of collection (Doak et al. 
2005).  One of the benefits of conducting PVAs is being able to identify the types of data 
required to better link management activities affecting conservation status of a species, 
to the monitoring programs designed to assess effectiveness of conservation efforts.   
 
The Peery and Jones report and its modelling approach seems generally consistent with 
the ways in which PVAs have traditionally been constructed, as follows: take the 
available empirical information on population structure, identify parameter estimates 
consistent with the literature, make linkages between present and future habitat quality 
and the vital rates that depend on those (in this case, reproductive (nesting) habitat), 
develop scenarios of future habitat and other ecological conditions, and assess the 
effects of the future conditions on the likely future trends in the population (identified at 
some scale of interest) to try and determine a course of management action that 
minimizes the risk of decline (or conversely, likelihood of recovery) for the affected 
population. There have been some earlier demographic modelling studies for MAMU, 
albeit at larger scales than this study is focused at and therefore not necessarily directly 
relevant, that could be acknowledged, if comprehensiveness is a desired goal of the 
report (e.g., Beissinger 1995; Boulanger et al. 1999; Steventon et al. 2006). 
 
The way in which stochastic variation is treated in this study (on the input side and on 
the output side) is a little under-described in the text and - particularly on the output side 
- under-interpreted (more comments on this below). The model is a partial stochastic 
model (not a fully stochastic model; see Doak et al 2005) as it represents stochastic 
variance (process variation) in some rates but not others. Process variance is 
independently (i.e. uncorrelated) applied to two demographic rates (post-fledgling 
survival, fecundity rate) with the coefficient of variation (CVs) estimated from a 
congruence procedure with at-sea monitoring surveys. All other rates and conditions are 
parameterized without estimates of variation. There may not be a practical alternative to 
this, as determining annual variation in many parameters requires time-series of 
monitoring data on specific demographic processes that are difficult to obtain for MAMU. 
One consequence is that potential variation in the primary variable under the 
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management control of DNR (nesting habitat quality and configuration, leading to 
assumed nesting success) cannot readily be independently assessed in a stochastic 
way. That potential variation is applied “upstream” of that calculation - effectively it is 
combined with variation in # of potential breeders. This constrains the potential for 
conducting sensitivity analyses specifically about how management (spatial and 
temporal) could affect reproductive success.  
 
The complexity of the models required to represent MAMU population structure 
(involving many parameters), the limited ability to monitor most of these parameters, and 
the lack of local measures about many (or any) parameters in the study area of interest 
(MAMU habitat in Washington, and DNR lands) is a central problem in PVA modelling. 
One alternative approach, consistent with the high-level objective of estimating risks of 
management to populations, but also acknowledging both the structural and process 
uncertainty that bedevils this type of situation, is diffusion approximation modelling 
(Holmes 2004). This approach is designed to not factor away the uncertainty in 
estimated risks, and to assess whether available data can distinguish between 
alternative levels of risk. Note that I can think of two objections to this suggestion: 1) 
there is less general application of this approach than traditional PVAs in the wider 
literature I’m familiar with, possibly because it appears somewhat like a statistical black-
box (more inductive) and is less obviously “mechanistic” (less deductive); and 2) 
reconciling scales of observation of data for use in exploring risks with a diffusion 
approximation approach is important. Scale issues are a consistently challenging 
problem in MAMU monitoring and management (but see Bertram et al. 2015).  

Areas of  Inconsistency or Poorly Constructed/Unclear Logic 

I largely address this question in my responses elsewhere. Here is a summary of those: 
 The approach is detailed in model structure, and yet results depend heavily on 

non-local parameter estimates, and adjusting the estimates of some parameters 
to produce results consistent with high-level monitoring and/or obtain “reasonable 
behaviour”. Because the goal of the analysis is to screen among alternatives, 
and because the authors acknowledge the limitations of the data, this may be 
unavoidable. However, I think the authors could be more transparent about this. 

 The modelling is detailed (as above) and is parameterized from studies at fine 
and coarse scales. In contrast, the management alternatives seem more similar 
to each other than they are different (a testament to the apparent constraints the 
agencies and the land base are under), and many of the differences are at a very 
fine-scale of habitat configuration. The potential for interactions between 
processes represented at one scale with interpretations of consequences at 
another is not really addressed. 

 The treatment of scenarios has potential to confound ecological uncertainty 
(Risk/Enhancement) with management uncertainty (spatial vs temporal). I think 
the authors in the end untangle it, but a higher-level explanation of the scenario 
design would help the reader. 

 The modelling appears to be comprehensive in design, making use of 
parameters gleaned from a rich literature that has built up around MAMU. 
However, the actual dynamics are driven primarily by the ‘habitat 
quality/configuration – nesting success’ linkage, and all the rest ends up 
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appearing to essentially just add noise to that. However, the results: taking 
outputs from many thousands of replicates, and reducing those to probabilities or 
means that show small differences, seems to me to be an inconsistency.  

General Clarity of  Concept and Writing 

In general, typos (e.g., caption of Table 1) are not commented on here as these should 
be addressed in a copy-edit step. Although I was not focused on these, I identified a few 
in reading the two documents, which are highlighted in Track Changes. 
 
It is difficult to discern who the intended audience is for this report. In general, the 
document is quite technical in style and blends (esp. in the Introduction) an emphasis on 
methodology with decision-making/legal context. It would be difficult reading for the non-
specialist, and thus its organization suggests it has a relatively narrow audience target, 
despite an overall adherence to the format of a scientific paper.   
 
The authors do not emphasize enough the screening role of PVA (more appropriate in 
this context) as opposed to the predictive role (less appropriate in this context). My 
concern stemming from this is that people could take away more certainty about the 
implications of the study than the results suggest. The authors do not explicitly address 
that possibility in either the Introduction or the Discussion. 
 
The writing tends to be linear and descriptive (this, and this, and then this, and…, finally 
this), rather than organized conceptually into types of questions and the results that can 
illuminate them (or not). In other words, the writing seems to prioritize complete 
description of what was done, over interpretation of what it means given the 
management problem faced by DNR and USFW. 

Document Review Highlights 

Strong Points 

In general, the document is technically thorough, well-written and generally gives a good 
coverage of the approach taken. A lot of information is presented relatively concisely. 
 
The role of the different agencies in making landscape management decisions is quite 
well described in the Introduction.  
 
The demographic modelling is generally quite thoroughly described (the exception being 
a statement of in what environment was it implemented). The authors took some care in 
the design of the model to be able to assess the management alternatives that were 
proposed.  

Weak Points 

The literature cited, particularly regarding PVA, tends to a relatively select literature. As 
mentioned elsewhere, integration of the findings with the Northwest Forest Plan 



SUTHERLAND  WILDLIFE INFOMETRICS INC. 

Peer Review of populat ion viabil ity analyses to assess the potential effects of Washington DNR 

Forest Management Alternat ives on Marbled Murrelets. 6 

monitoring and research, while present here, is perhaps under-interpreted, particularly in 
the Discussion. Other than the particular studies giving rise to parameter estimates, 
reviews and modelling efforts undertaken by other researchers are not referred to 
(caveat – some reviews are quite recent (e.g. Bertram et al. 2015), or may not be widely 
available (Burger 2016)). I am aware of a synthesis project led by Dr. Raphael that may 
include or supersede some of these reviews. 
 
From my perspective, the greatest weakness in the report is the implied reliance on the 
predictive aspect of a “top-down” (fully specified) PVA as a screening tool for 
discriminating management alternatives. That is, the PVA is used to project population 
numbers, and probability of quasi-extinction (see below) under scenarios that explore 
some aspects of biological plausibility, to discriminate between the management 
alternatives made available by the agencies. This gives the reader the illusion of 
predictability that adheres to a normative use of PVA.  The authors emphasize mean 
trends, and de-emphasize variation in their presentation of results, as well as in their 
discussion of the implications of their findings for decision-making. I do not find the 
results compelling, nor do they tell me much about the conservation value of the 
alternatives as that could change through time. I think what they do say is that the 
alternatives are unlikely to result in any detectable (via monitoring) change in MAMU 
populations over the time frame (50 years) of the assessment, based on the 
assumptions about population dynamics that were used. Therefore, the choice between 
alternatives ought to be made (in fact, will likely be made) on other conservation criteria 
such as maximizing habitat and stand structural diversity, conserving areas of known 
value AND areas likely to recruit into potential MAMU habitat sooner rather than later, 
minimizing edges, etc. I describe some of my reasons for my discomfort with the 
author’s emphasis below. 
 
A second weakness is that the model, while fairly complex and described in 
considerable detail, is functionally simpler than the description would suggest on a single 
read. The primary link between habitat condition and population growth is through 
potential nest density via habitat quality, and this is modelled through mean P-stage 
values conditioned on habitat configuration. The rest of the population model is 
essentially a significant number of assumptions and parameters about how this is 
projected to result in adult murrelets. Given the constrained nature of the management 
alternatives assessed, I think it would be simpler (and more transparent) to just focus on 
dynamics of the primary link as an indicator, and de-emphasize the population 
outcomes. They essentially communicate to me that the effects of what is possible on 
murrelet numbers are not predictable over the projected management time frame. Note 
that I recognize the original mandate for this analysis stated by the DNR was to go 
beyond this link (see Background above). 

Specific Comments by Document Section 

Introduction 

The emphasis in the Introduction leans towards the land management context, and is 
lighter on the ecological side of MAMU conservation, and the reasons for concern in the 
region. I think strengthening the latter would help place the analysis in a better context.  
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Methods 

Nowhere is it made clear in what platform/software the population model was 
implemented. Modeling platform are routinely specified in published modelling papers, 
and is part of the general transparency/reproducibility criterion applied to scientific work. 
SAS 9.3 is mentioned on line 725, but this is presented in the context of the sensitivity 
analysis, and it is not clear if SAS was the main platform for modelling. 
 
Lines 279-282. Justification for depending on just one study for these very important 
parameters should be given. 
 
Lines 334-344; lines 359-362. My understanding is that the recent evidence about how 
often MAMU breed; nest site fidelity by individuals, and what happens to breeders if nest 
sites are lost is possibly more uncertain that is stated here (e.g., some researchers in 
Canada find anecdotal evidence that nest site re-use in their areas to be less clear than 
the literature suggests, and it not well-known what happens to breeders even after a 
successful nesting season) although Raphael et al. (2016) certainly suggest that 
significant nest-site fidelity likely exists in this species. This creates potential uncertainty 
in determining the proportion of breeders, and the effect that the loss of nest sites could 
have on the probability of individuals finding other nest sites and breeding in other 
locations in subsequent years. 
 
Lines 413-416. It should be made clear that the “Enhancement” assumption of the 
annual survival value is in fact an assumption, and not empirical. Also, this small 
difference in mean annual survival, when expressed over a long timeframe, identifies it 
as a sensitive parameter and also a source of uncertainty (consistent with the earlier 
modelling by Beissinger 1995, Boulanger et al. 1999).  
 
Lines 416- 419. As currently stated, this suggests that the “Enhancement” scenario 
seems to mix two objectives: a biological one of better survival; and a management one 
of highlighting source/sink effects. This (to me) confuses its interpretation. Would it not 
be better to have the latter as a separate scenario (which would, however, increase the 
# of comparisons required). 
 
Lines 432-434: I think providing citations for these overarching assumptions is important. 
Burger’s (2016) review says that patch and edge effects tend to be quite variable as you 
go from the landscape scale to the stand and patch scale. 
 
Lines 455-458: This is also a key assumption. Bertram et al. (2016) indicate that 
evidence for this radar-count-old growth forest amount relationship appears to hold at 
the broad scale of a Conservation Region, but suggest that (at least in Canadian MAMU 
habitat), the situation is more variable at smaller (i.e. sub-regional) scales, and more 
work is needed. 
 
Lines: 503-506: The logic here isn’t completely clear. Mechanistically, I can see this, but 
I’d like to see a somewhere better biological rationale for what constitutes a “non-
breeder”.  At the moment, this parameter (% non-breeding) comes across as a fudge-
factor. 
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Lines 532-550 (Forest Management Alternatives section). Not mentioned here, nor in 
http://file.dnr.wa.gov/publications/em_bc_bnr_alt_summary_final.pdf (except for a 
mention of “wildfire control”), is any description of how natural disturbances were 
accounted for in the forest management modelling process. This should be clarified as it 
affects interpretation of the future amounts, types and quality of MAMU nesting habitat. 
 
Lines: 552-609: These are almost a direct quote from 
http://file.dnr.wa.gov/publications/em_bc_bnr_alt_summary_final.pdf. I’d suggest a more 
concise summary, perhaps in Table form. 
 
Lines 671-672; 682-683. If possible, either a citation of evidence for occasional survival 
rates < 0.75 for murrelets, and a clarifying statement of how “more realistic model 
projections” resulting from the choice of annual variance in fecundity was judged would 
be helpful. As it is, these are undocumented assumptions. 
 
Lines 683-684: I assume this reflects the role of pre-breeding conditions on fecundity, 
which one would reasonably assume to be equal between DNR and non-DNR breeders.  
 
Sensitivity Analysis section: This sensitivity analysis (albeit important), is limited to the 
‘habitat condition-population’ link. It is not testing the overall sensitivity of the model to 
uncertainties in demographic assumptions. This should be made clearer.  
 
Table 1. 

 Column 5: I think a source citation for Variance in survival rates would be useful. 
 Column 5: I’m unclear on what “…, lower if number of dispersers exceeds 

availability of nest sites in other landownership” means and therefore, how and 
when this parameter’s value changes. 

Results 

Overall, the results imply that there is no real difference between the alternatives in 
terms of population conservation, at either scale. Having the graphs separated as they 
are makes it more difficult to compare across the different axes that might produce 
difference (among scales, among scenarios), but it isn't difficult to figure out that the 
differences are very small. There is no systematic attempt to demonstrate uncertainty, 
either by showing prediction intervals (parametric) or quantiles (non-parametric) in the 
graphs. While the authors do acknowledge that differences are small (e.g. line 793 
referring to Table 2), the bulk of the presentation emphasizes difference, rather than 
significance of the differences.  
 
Lines 813-816 seem to contradict lines 817-819. 
 
The exploratory analyses with variants of alternative D have some potential interest 
because of the time-element in scenario D-‘M’, but I find the differences in probabilities, 
resulting from a very large number of simulations (10,000), unconvincing. 
 
I found the sensitivity analysis results slightly surprising - I thought the differences might 
be larger when reading the Methods, and they are not. Having said that, I think this type 
of sensitivity analysis is one of the most useful parts of the analysis approach and could 
be expanded on, as described elsewhere. 
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Taken together, the results do not suggest that the opportunities for measurably 
reducing rates of decline of MAMU, nor risk of extirpation, are anything more than very 
limited.  
 
Figure 2. While I recognize that the results here are “deterministic” – are straight 
calculations based on the assumptions in the text and in Appendix A - the reality is that 
there is uncertainty about all the assumptions, which would propagate through to result 
in less likely distinction between alternatives. For example, I’m unconvinced the 
difference in nesting success in Figure 2 c (for years 0-30 only apparent in the 3rd 
significant digit if you were rounding) has any real meaning in terms of MAMU population 
trend. It may be impossible to estimate this uncertainty, but at least it should be 
acknowledged to the reader. 
 
Figures 4,6,8,10. I think the message of these figures would be clearer if the graphs 
contained some statistical measure of uncertainty: either (1) prediction intervals; (2) 
density plots, or were expressed as box and whisker plots, one for each decade of 
simulation. All one can infer from the grey is that there is a lot of variation, but how much 
is a question. I expect that if this uncertainly was illustrated, one might conclude there is 
no statistically significant difference between the means for a given scenario among the 
different alternatives at either scale in terms of projected population size.  Differences, if 
they occur at all, might appear between the two scenarios, after about 30 years.  
 
Significant digits for results are generally overstated, giving an unjustified impression of 
precision. For example, I suggest probabilities in Table 2 and 4 be expressed with 2 
significant digits; in Table 3 and 5 projected mean population sizes expressed with no 
significant digits and that be stated in the caption (I recognize the values are means and 
therefore do have significant digits). Similarly, in the Abstract (line 48-50) and elsewhere 
where projected numbers of murrelets are given in the text. 

Discussion 

Here, the authors state the relative differences between scenarios and scales that they 
found in the Results, without noting how small in magnitude they apparently are. Without 
measures of variation to go with such statements, they suggest those differences have 
meaning. I don’t see sufficient evidence for that.  
 
In general, I find the Discussion is limited in its added interpretive value, in the sense 
that previously presented results are re-expressed here with minimal or no added 
evaluation of what the implications are for land management decisions by the two 
agencies involved. In addition, I think stronger links to the results of the regional 
monitoring (particularly for Conservation Area 1) reported in Falxa and Raphael (2016) 
and in Bertram et al. (2016) should be discussed. 
 
Comparison of Individual Alternatives  
Visual inspection of the results in Tables 2 and 3 suggest that the rank order of findings 
among the alternatives in terms of magnitude is similar to the order of the amounts of 
habitat areas in each of the alternatives. This suggests that the mean results are 
primarily driven by habitat amounts, and the assumptions linking nesting habitat 
conditions to populations. This isn’t commented on in the Discussion.  
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I think the authors could have worked harder to interpret the near-term differences, small 
as they are, between alternative D in the two scenarios and the “metered” scenario. As 
this last scenario is different in kind from the others (modelling delayed harvest as 
opposed to different habitat configurations/amounts), extracting any possible insights 
from it could add value to decision-makers. 
 
Sensitivity of Marbled Murrelet Populations to Habitat Change 
Perhaps the main benefit of this analysis is in pointing out interactions between habitat 
configuration and amount. Although not a new finding in the literature, it is one that does 
link to landscape management policy, and so I suggest discussing that aspect more 
thoroughly. 
 
Caveats and Directions for Future Research 
I think the summary of limitations is a good list, but some indication of how influential the 
individual assumptions mentioned are on the utility of the PVA could be explored, as this 
may help decision-makers. A wider sensitivity analysis of the demographic assumptions 
would be useful to illustrate how discriminating (or not) among alternatives the model 
findings might prove to be. 

Details that are Missing or Unclear in the Document 

Use of the term “Risk”. The term “risk” is a problematic one, because its definition 
contains within it the concepts of likelihood (probabilities) of loss of some sort, and 
consequences (some of which might be subjective). Therefore, the term should be 
clearly defined at the outset. In line 140, after several prior uses of the term, the authors 
suggest (by implication) that they mean risk of extirpation/extinction. This would also 
clarify what the reader should be thinking about when encountering the “Risk” vs 
“Enhancement” scenario designations. This may seem like semantics, but it is worth 
being clear about. 
 
P-stage is a fundamental parameter linking habitat area and type with projected 
population dynamics in the model, and is integrally part of the DNR estimation process. 
In addition to the brief description of factors influencing nest density in Appendix A, the 
empirical basis and assumptions of P-stage estimated could be more clearly articulated 
in this report, including how that variable correlates with other covariates of habitat 
suitability (for example, Raphael et al, Chapter 2 in Falxa and Raphael, 2016). 
  
Figures 3, 5,7,9,11. The labeling of the X-axis is confusing and not intuitive. I 
recommend replacing “Fraction of Initial N” with “Population size threshold for quasi-
extirpation”, the ticks be relabeled as “Low = 1/16, …., High = ½”. The interpretation of 
Low, ..., High in terms of the fractions be given in the caption for Figure 3, and all 
subsequent figures can cite the Figure 3 caption for interpretation. 
 
I consider extirpation to be a more accurate term, as it is interpreted at a more local 
scale, than extinction, which typically signifies a global disappearance of a species. 
 
Appendix A: 
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1) Nest Density. It is implied that the authors undertook the same analyses to 
characterized nesting habitat, edge categorization, etc. as did Falxa and Raphael 
(2016) (e.g. “Landscape Habitat Pattern – Edge vs Core”) on the DNR forest 
inventory, although this assumption isn’t actually stated. Given the important role of 
habitat quality and area in distinguishing management alternatives, this should be 
clearer.  

2) Raw Habitat (DNR). Can the authors explain this 26,300-acre difference? This 
difference is greater than the habitat areas between Alternative A and E cited in 
http://file.dnr.wa.gov/publications/em_bc_bnr_alt_summary_final.pdf, so defining the 
source of the difference between estimation methods would be helpful. 

 
3) Adjustment for Habitat Quality (DNR). The source of the spatially-explicit future 

projections of forest stand condition should be cited here. 
 Geographic influence (G). My understanding is that it is quite uncertain how 

MAMU use small isolated habitat patches, and that social cues may be more 
important than has been previously thought. It is therefore possible that this 
parameter is too optimistic, both in distance threshold and in resulting P-stage 
value. 

 Aspatial method for estimating edge effects. The assumption driving the switch 
from spatially-explicit to aspatial could be better documented here. I think the 
idea makes sense. The source of the proportions of no, soft and hard edges 
should be provided.  

4) Adjustment for Habitat Quality (DNR). At a minimum, add “see Forest Management 
alternatives in Methods” here. Better would be citing the report or source of the 
spatially-explicit future projections of forest stand condition (i.e. a DNR report). 

Summary of  Document’s Effectiveness and Clarity 

The document is a detailed description of a fairly involved PVA design, parameterization 
and linkage to the alternative management options through: (1) key types of habitat used 
to classify MAMU nesting habitat quality; and (2) projected future habitat configurations 
under different management options. The authors acknowledge the need to be 
consistent with population monitoring data, to acknowledge the effect of unknowable 
factors (e.g., at-sea condition) on MAMU populations, to be as empirical as possible in 
their approach to model design and to assess management alternatives in a way that 
acknowledges present evidence of declines using scenarios that cover some of the 
possibility space of future trends. In particular, the Enhancement scenario seems 
designed to expose future opportunities for population recovery that may be available in 
the different alternatives they were asked to assess. 
 
The document is weakest in its reporting of uncertainty, and the manner in which the 
results are presented seems to exaggerate small differences in magnitude of 
probabilities between alternatives and scenarios. This distracts the reader from 
thoughtful interpretation of the results, and generates uncertainty about the implications 
for management. I think the analysis should be further interpreted to provoke informed 
discussion on what other management actions are possible to create conservation 
opportunities for MAMU on the lands in question. 
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Recommendations for Changes to the Document  

Most of my suggestions are presented elsewhere, particularly in the “Weak” points 
section above.  
 
1) Consider moving the detailed description of the model structure and 

parameterization (lines 256-399) to an Appendix, and replacing these lines with a 
short summary of the key assumptions (in a table or in bullet form). This level of 
detail, while important to have available, run the risk of distracting most readers from 
digesting the results and their interpretation. 

2) Definitely present and discuss uncertainty in a clearer way. 
3) A discussion of alternative scenarios (if any) that might reveal future conservation 

opportunities beyond those explored in the present analysis would help DNR and 
USFWS, I think. 

4) Better integration with the literature in terms of how habitat management at the scale 
described here could be linked with monitoring either at the smaller scales of the 
DNR lands or at the larger Conservation Region scale would be helpful.  

SPECIFIC QUESTIONS 

1) If murrelets are displaced by habitat loss at the patch scale, is it reasonable to 
assume that the displaced birds will eventually disperse to another habitat patch 
(model assumption), or should we assume that murrelets displaced by habitat loss 
are permanently removed from the breeding population and become non-breeders?   

I am not an expert in MAMU biology and lack field experience that would be helpful 
with this question. The assumption in the model appears to be that the breeding 
proportion of the population “packs” in to the available nest sites (which would be at 
low density). I have not found evidence for or against this in the literature I’m familiar 
with. From a modelling perspective, what I’d do given this question, is test the model 
on both alternatives and see how sensitive the results are to this assumption. 

I wonder if social cues may play a role in whether nesting sites become occupied? 
That is if there is too low a density of MAMU in an area (i.e. if below carrying 
capacity), it might appear less attractive to other potential breeders, and they could 
go elsewhere (thereby causing a lag in habitat re-occupancy). As far as I know, 
however, this is speculative, and may not be illuminating this question very much.   

2) Is the current model structure sufficient to evaluate potential demographic responses 
to habitat changes on WDNR lands?  Are there other variables or alternative models 
to consider?   

As stated above in the review of the report itself, the present model implements a 
detailed model structure that attempts to bridge the gap between habitat quality (P-
stage estimates), amount, and configuration at the stand-scale and overall 
population indicators obtained by monitoring (trend; numbers of juveniles, adults in at 
–sea surveys and radar counts). This is a lot to cover in one model, and to do so 
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invokes many parameters, and many assumptions. The results (as I interpret them) 
suggest that the uncertainties overwhelm the projected evidence for distinguishing 
conservation benefits, at the population scale, achievable under the different 
alternatives through time, and therefore are not particularly compelling nor very 
illuminating. 

So, the first part of this question asks about structural “completeness” for the DNR’s 
purpose. The second part is more nuanced, and asks “what else”, not just in terms of 
structural but modelling approach and its utility in the evaluation context.  My 
thoughts on these are as follows: 

 Structural completeness: I’ve said (or implied) elsewhere that the key 
variable in the model is nesting success as it relates to habitat quality, 
amount and configuration represented by P-stage and edge effects. There 
are of course other relationships and assumptions that are built on this (e.g., 
carrying capacity). After some thought, I’m not sure what else I could 
suggest to add to this linkage, unless it were a patch size/shape x occupancy 
probability relationship. However, my current understanding of the MAMU 
literature is that such a relationship hasn’t yet been developed.  

 In terms of alternatives, I do have some suggestions: 
o If a simpler analysis of just the habitat <-> potential nesting/nesting 

success component of the MAMU demography is sufficient for 
decision-making (and I suggest elsewhere it is functionally the one 
this whole model is illuminating) then I would simply model that, and 
discard the rest. Effort could then be spent on exploring sensitivity of 
that demographic parameter to the array of management options 
available at the scale management occurs at. This might allow a 
much wider exploration of stand management alternatives than has 
hitherto been conducted, including temporal management options. I 
recognize that this limits inference about meta-population effects 
between DNR and non-DNR lands, but I am not sure the parameters 
are there to allow much to learned about that anyway.   

o If population projections/risk of loss are in fact the desired indicators, 
and nesting potential is insufficient, then I have two suggestions: 
 Diffusion analysis as described above. 
 Turn the population outcomes question around to ask two 

related questions:  
 are there management alternatives that can create a 

measureable difference in nesting density/success 
through time?  

 are there demographic scenarios (regions of 
parameter space in the other population parameters) 
that would be consistent with expectations (both 
literature and monitoring data)? 

Putting these two together (and assuming the answer is 
yes to both), then explore those to understand their 
achievability. 
 

One could argue that this is simply an extension of the 
scenario design process initiated in the present study. I argue 
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it is a different approach, because it focuses on searching for 
opportunity and likelihood of achieving that opportunity rather 
than on screening. 
 

3) The model evaluates potential demographic responses to habitat changes on WDNR 
lands at a state-wide scale.  Should the current model be restructured to evaluate 
sub-regions and or subpopulations within the state? If so, what is the basis and 
structure for this more fine-grained assessment? 

My present understanding of this model and of the literature is that:  

 it would be a stretch in assumptions to try and apply this model at a smaller 
scale, because of the way in which the parameters are adjusted to fit regional 
trends. A better approach might be to replace the model with a more 
spatially-explicit habitat potential model tied to FVS (which might already 
exist) and not link to populations. 

 The literature for MAMU suggests a strong decrease in certainty as you go 
finer and finer in scale of analysis. This suggests that finer-scaled population 
modeling is risky. If a habitat occupancy model could be parameterized, that 
might be as far as one could expect to go.  

 
4) Consider the logic and basis of the analytical model that is based on mechanistic 

relationships with forest stands and edges – is there anything missing? 
 

I think I’ve addressed much of this elsewhere. Yes, the model is dependent on an 
essentially deterministic relationship between forest stand structure, amount and 
dynamics of edges. These stand-level/nesting habitat relationships remain a focus 
for MAMU biologists (see also Burger (2016), and in stands exhibiting old –forest 
structures (or sufficient remnant structures) within 50 km of the coast, conserving 
natural edges in stands is a basic management recommendation. In terms of 
modelling, it appears that these relationships are acknowledged and captured to the 
extent of accuracy in stand mapping.  

 
One possibility not mentioned in the report is whether maintaining or increasing 
habitat connectivity between patches of existing and/or recruiting (especially 
recruiting) habitat for MAMU is a management objective either for this species or 
other conservation goals. Viewing the analysis area maps, there could be 
opportunities for decreasing distance between areas of higher quality MAMU habitat. 
This is a spatial analysis variable (see O’Brien et al. 2006; Sutherland et al. 2007 for 
methods). If there is sufficient change over time possible in a connectivity measure 
(e.g., habitat cluster), AND it connectivity is considered a constraint for  MAMU 
breeders or dispersers, a potential linkage to MAMU demography could be made 
either through introduction of a new variable (increased probability of habitat 
occupancy), or a considered modification to an existing one (e.g., proportion of non-
breeders accounting for social effects/increased likelihood of encountering a 
potential nesting site). 

 
5) Consider the scenarios (Risk and Enhancement) – are they relevant from 

perspective of conservation and population biology? 
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The benefit of these scenarios is that they are intended (as I interpret them) to 
represent “bounded bookends” within which the entire suite of future conditions (esp. 
demographic) may be expected to lie. They are bounded by a linkage to a long-term 
trend that exists for the area of concern by monitoring, on the other by a more 
optimistic (but not unreasonable) long-term population condition. By keeping the 
parameter space bounded this way, defendability and pragmatism are considered: 
outcomes explored within them can be reasonably expected to be linkable to 
demographic trends and monitoring data (Risk), while opportunities for population 
growth through management (as modelled) can still be exposed (Enhancement).  

 
I think there is utility (for conservation and management) in this approach, and it is a 
reasonable starting point, because of the features above. However, one could argue 
that the boundaries for both scenarios are somewhat arbitrary and conceptually 
represent small deviations from the “status quo” that could miss conservation 
opportunities and/or underestimate the risks of catastrophic loss (either of nesting 
habitat or of other components of the population). Under this argument, an 
alternative (or complementary approach) could be a more ensemble-type modelling 
experiment, looking for regions of stability and or risk outside of these bookends, 
followed by more detailed assessments of likely-looking regions (if any emerge 
outside the parameter space already modelled) to further explore, and identify a 
more comprehensive set of risks. This would require effort, although not necessarily 
as much as might be imagined given extant and emerging modelling tools.  

 
6) Are there other ways to portray the scenarios (Risk and Enhancement), or other 

credible, relevant scenarios?  If so, might they lead to different inference? 
 
One overall concern I have with the assessment approach taken so far is that it 
tends to be trend-driven, and is less concerned with “events” (e.g., both in terms of 
those leading to unexpected loss of habitat/individuals), or unexpected good 
conditions. A second concern (perhaps more minor) is that correlation among 
conditions affecting vital rates that last more than one year is not considered. While 
difficult to support empirically, sensitivity of the results of existing scenarios could be 
assessed without much additional effort. Given the constraints on management 
options presently available, I’m unsure that considering these additional 
factors/scenarios would materially change inferences. 
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APPENDIX A.  SCOPE OF WORK 

The following relevant information is extracted from the Scope of Work for Contract 93-
095084: 
 
The CONTRACTOR will conduct a peer review of Dr. Zach Peery and Gavin M. Jones’s 
report titled Using Population Viability Analysis to Assess the Potential effects of 
Washington DNR Forest Management Alternatives on Marbled Murrelets. 
 
The CONTRACTOR will address the following considerations and specific questions in a 
written report to DNR. 
 
Background – Model Objectives 

The model was developed to evaluate how the murrelet population in Washington may 
respond over time to changes in potential nesting habitat on WDNR lands.  The model 
was intended to evaluate a range of alternatives relative to each other, and is not 
intended to represent a population viability analysis for the listed population of 
murrelets.  We sought information from the model because we concluded it was 
important to evaluate potential demographic responses to changes in habitat quality 
(seral stage) and configuration (edge vs. interior) beyond a measure of potential carrying 
capacity based solely on the amount and quality of habitat available on the landscape.   
 

The CONTRACTOR is tasked with providing an assessment of: 

General questions to consider 

 Scientific rigor and general consistency with known scientific literature 

 Areas of inconsistency or poorly constructed/unclear logic 

 General clarity of concept and writing 

 A review of the document that highlights its strong points, weak points, and 
details that are missing or unclear 

 A summary of the document’s effectiveness and clarity at conveying its message, 
and  

 Recommendations for changes to the document, if any, and how issues needing 
change could be reconciled 

Specific Questions to Consider  

1) If murrelets are displaced by habitat loss at the patch scale, is it reasonable to 
assume that the displaced birds will eventually disperse to another habitat patch 
(model assumption), or should we assume that murrelets displaced by habitat 
loss are permanently removed from the breeding population and become non-
breeders?   
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2) Is the current model structure sufficient to evaluate potential demographic 
responses to habitat changes on WDNR lands?  Are there other variables or 
alternative models to consider?   
 

3) The model evaluates potential demographic responses to habitat changes on 
WDNR lands at a state-wide scale.  Should the current model be restructured to 
evaluate sub-regions and or subpopulations within the state?  If so, what is the 
basis and structure for this more fine-grained assessment? 

 
4) Consider the logic and basis of the analytical model that is based on mechanistic 

relationships with forest stands and edges – is there anything missing? 
 

5) Consider the scenarios (Risk and Enhancement) – are they relevant from 
perspective of conservation and population biology? 

 
6) Are there other ways to portray the scenarios (Risk and Enhancement), or other 

credible, relevant scenarios?  If so, might they lead to different inference? 
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Introduction 

The purpose of this report is to provide an independent peer review of Peery and Jones 

(2016), Using population viability analyses to assess the potential effects of Washington DNR 

forest management alternatives on marbled murrelets. The Peery and Jones (2016) report (P&J 

report) describes a set of population viability (PVA) models designed to determine the relative 

future contribution to marbled murrelet (Brachyramphus marmoratus) risk and conservation of 

a set of six alternative forest management strategies. Their models were developed as part of 

the effort by the Washington State Department of Natural Resources (WDNR) to create a long-

term conservation strategy for the marbled murrelet on state trust lands managed by DNR. The 

long-term conservation strategy would serve as an amendment to DNR’s 1997 State Trust Lands 

Habitat Conservation Plan (WA DNR 1997).  

This review focuses both on the technical details of the PVA models described in the P&J 

report and on the clarity and completeness of the report itself. I begin with a general 

assessment, addressing the scientific rigor of the analysis and its consistency with the scientific 

literature, as well as the general clarity of the model description and writing. I then provide a 

detailed review of the models and document, highlighting their strengths and weaknesses. 

Following the detailed review, I address specific numbered questions that I was asked to 

consider when reviewing the model. I conclude with a summary of the document’s 

effectiveness and my recommendations for changes to the model and document. 

General Assessment 

In general, the P&J models are well-constructed, detailed, and consistent with scientific 

standards. The models aim to isolate and quantify the impact of forest habitat management 

measures proposed for WDNR lands on a seabird species that nests across a broad geographic 

area in forests managed by a wide range of authorities, and whose populations are affected by 

both forest and oceanic conditions. This task was not simple, and their models demonstrate a 

careful consideration of the complexity of the task and a clear regard for the limitations 

imposed by the available data, the PVA approach, and the purpose of the analysis. They took 

full advantage of the data and information that were available on marbled murrelets, and their 

approach demonstrates an in-depth understanding of the ecology of the species. While I will 

suggest some minor additional analyses that could strengthen their approach, their models are 

generally thorough and appropriate and do not suffer from any major oversights or scientific 

failures. 

 The logic they used to develop their approach and construct their models was sound 

and consistent. The writing in their report was generally clear, concise, and relatively 

comprehensive. Below, I list some instances where information was omitted and the writing 

was not as precise as would be ideal, but these cases are relatively minor and few in number. 

The authors also generally documented their resources well and met all basic standards of 
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scientific writing. 

Detailed Review 

Strengths 

The primary strengths of the P&J analysis and report can be found in the general 

modeling approach, the clear and thorough model description, and the sensitivity and 

supplemental analyses performed to highlight the primary mechanisms by which various 

management alternatives resulted in more positive outcomes for murrelets. The general 

modeling approach included the actual model structure as well as the fact that the authors 

limited the scope of their analysis to those areas for which analyses was most justified or 

absolutely necessary for meeting the modeling goals. Specifically, they acknowledged that the 

proposed changes in forest management on WDNR lands alone are unlikely to reverse the 

declining trend of marbled murrelet populations, and that measuring the potentially small 

impact of these habitat management changes on the species as a whole is subject to a high 

degree of uncertainty (p. 7, lines 166-168). To address some of this uncertainty, they used a 

two-pronged approach, developing what they called their Risk and Enhancement models. The 

two models had the same general structure but made different assumptions about the future 

trajectory (and associated demographic dynamics) of marbled murrelet populations. This two-

model approach was practical and judicious, and the assumptions of both models were 

generally reasonable, and appropriately spanned a range of potential future scenarios and 

demographic mechanisms for those scenarios without being excessively optimistic or 

pessimistic, and without having to exhaustively explore the full range of uncertainty about 

future murrelet conditions. As is very important in this type of analysis, this Risk/Enhancement 

approach ensured that their model results were robust to alternative assumptions about the 

future of marbled murrelets in Washington. 

The authors also showed appropriate restraint and a degree of ingenuity in structuring 

their models in such a way as to leverage the available demographic data on marbled 

murrelets, meet modeling goals, and minimize the number of assumptions that were not well 

supported empirically. As the authors acknowledge, in any PVA modeling endeavor, 

assumptions are necessary; but as long as these assumptions are explicitly acknowledged, 

justified, and are not excessive, they are generally unproblematic. With a few exceptions that I 

outline below, the assumptions the authors made in their models, were well justified, clearly 

documented, and did not exceed what was strictly necessary to achieve the aims of the 

analysis. For example, the authors chose to use a metapopulation model with two sub-

populations (those occupying DNR and non-DNR lands). While these “populations” are not 

populations in the traditional geographic and demographic sense, the available data are 

insufficient to parameterize a model with finer spatial scale. The authors’ course-scale 

approach minimizes the number of assumptions they had to make on factors related to 

dispersal and the structure and demographics of individual populations while still allowing them 

to achieve the objectives of the analysis and quantify the potentially small impacts of 
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alternative DNR forest management practices on marbled murrelet populations. 

Similarly, the authors chose to use a matrix model PVA – a decision that balances the 

aims of the analysis with the available data. In contrast to count-based PVAs, matrix models 

require demographic parameters for different ages (or stages) of individuals, thus the marbled 

murrelet model took advantage of the limited demographic data available on such 

demographic parameters as survival, breeding probability, and nest success, and coupled those 

data with assumptions about how those parameters might change with environmental 

stochasticity or in different habitat and forest edge conditions. While a count-based PVA 

approach would have required fewer assumptions, it would not have taken advantage of the 

demographic data that were available, and could not have been used as effectively to isolate 

the effects of DNR land management strategies.  

The authors described the structure of their model well, were generally thorough in 

identifying and describing model parameters, and relatively thorough in documenting the 

source or justification for those parameters. Their writing, especially in the main report, was 

clear and relatively precise, which is laudable given the complexity of the models. Table 1 

provides a nice accessible synopsis of the parameters they used in their models and the 

empirical basis or justification for those parameters. In the Weaknesses section below I outline 

a few instances in which parameter justifications could have been more thorough, but for many 

of their parameters, their descriptions were sufficient. The environmental stochasticity section 

(p. 29-30, line 661-688) provides several examples of excellent documentation of parameter 

values and their justification, whether empirically based or not. For example, they explain how 

survival rates were stochastic, drawn from a beta distribution with an empirically based mean, 

and a variance that was not derived directly from empirical data but that was set to a value that 

yielded a “reasonable degree of biological realism”. Similarly, they provide references to justify 

their modeling decision to allow survival and reproduction to each vary stochastically but 

independently from one another (p. 30, lines 681-683). 

The sensitivity analysis that quantified the contribution of the different habitat types 

(e.g., p-stage 1/interior, p-stage 0.47/outer edge) to marbled murrelet risk and potential 

enhancement is particularly effective for isolating the habitat components of the various 

alternatives that most contribute to their relative ranking. It is an important component of the 

analysis and demonstrates the thoroughness of the P&J analysis. The supplementary analyses 

related to Alternative D (see p. 27, lines 613-630) also served as additional sensitivity analyses 

related to assumptions about forest “strings” (which in the main analyses were given no value 

as nesting habitat) and about the timing of implementation of habitat management plans under 

Alternative D. Again, these supplementary analyses reflect a high degree of thoroughness and 

contribute to the overall effectiveness of the analysis. 

Other minor aspects of the models and report contribute to the overall strength of the 

P&J analysis. For example, the authors restricted their analysis to relative measures of impact 

among the proposed forest management alternatives rather than attempting to measure 
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absolute impacts (see p. 10, lines 225-227). Such an approach is necessary for this type of 

analysis and the authors appropriately emphasized this aspect in the introduction (lines 225-

241) and elsewhere to ensure their results are not misconstrued or misused. Additionally, the 

authors provided a fitting level of detail about various aspects of the model, without going into 

too much detail. For the most complex portion of the analysis the authors provided a useful 

appendix outlining the details of the forest habitat types and effects of various distance-to-edge 

categorizations, but also provided a good synopsis of their approach in the main body of the 

report. The sample size of 10,000 simulations per alternative was appropriately large. Their 

results are clearly presented and the accompanying tables and figures are thorough and easy to 

read and understand. Their application of environmental stochasticity to survival and 

reproduction was suitable and well justified. 

Weaknesses 

While the P&J models suffer from no major flaws related to their structure or 

construction, and the authors’ analyses were relatively thorough, there were three aspects of 

the report and modeling approach that could potentially be improved: better addressing 

uncertainty, justifying all parameters with full transparency, and maintaining precision in 

language throughout the report and appendix.  

Although the authors use their dual Risk/Enhancement modeling approach to address 

uncertainty in the future population trajectory of marbled murrelets, there are other areas in 

which they do not fully address the uncertainty inherent in PVA modeling in general and in their 

specific approach and output. Aside from the graphs showing a sample of the 10,000 simulated 

population trajectories, the authors do not report uncertainty or measures of variability in the 

model output. This may have been a deliberate choice since the focus is on relative differences 

among habitat management alternatives, but the report should provide some quantification of 

the variability around the reported mean and a way to measure whether that variability is 

consistent among the alternatives. Related to this, the authors report only mean population 

sizes (e.g., line 772, Table 3, Figure 4) as their measure of central tendency for model output, 

but median population size is more commonly reported in PVA analyses because the median is 

less prone to being biased by outliers or skewed distributions. Reporting both mean and 

median would provide more information, but reporting full histograms of population sizes for 

each model-scenario combination would be even better and would provide a full 

characterization of the variability and uncertainty in the relative rankings of the various 

management alternatives. However, at the very least, the authors should provide a measure of 

variability around whichever central tendency metric they report. 

Also related to uncertainty, the authors do not provide sensitivity analyses for some of 

the parameter values that may impact model output. There are a large number of parameters 

in the P&J models, and many of them do not need to be subjected to sensitivity analysis 

because they are unlikely to affect the final output, or are unlikely to affect the relative ranking 

of the various habitat management alternatives, but in the “Caveats and Future Directions” 
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section, the authors identify 3 assumptions that do not have an empirical basis and may 

influence model output (p. 44-45, lines 1004-1018). The first relates to which habitat types new 

breeders select for a nest site, the second relates to which birds are allowed to disperse 

between DNR and non-DNR lands, and the third relates to transitions from breeder to non-

breeder states when habitat loss occurs. As the authors note, changes to any of these could 

impact the model output. Some level of sensitivity analysis should be conducted on each of 

assumptions to ensure that model results do not change significantly if they are violated. 

Regarding parameter justification, as noted above the authors are relatively good at 

describing and justifying their parametrization decisions, however, there are a few that are not 

fully transparent. While some modeling decisions are necessarily based primarily on a modelers 

expertise or on model tractibility, to be fully transparent and reproducible, these decisions, 

whether empirically justified or not, should be explicitly documented. In their introduction and 

elsewhere, P&J refer to parameterizing the model such that they could emulate recently 

observed marbled murrelet population declines with model output (p. 7, Lines 180-182; p 18, 

lines 417-419), but it is unclear exactly which parameters were affected by this approach. While 

there are references throughout the P&J report to parameter values being chosen to allow 

model results to align with empirical data, it would benefit from a more explicit documentation 

of these procedures, perhaps in an appendix or separate section of the report. For example, in 

the Environmental Stochasticity section (lines 661-688), the authors describe their tuning of 

variance parameters to yield populations with 5% annual declines and population size 

coefficient of variation of about 0.203. This variance parameterization may be one of the 

adjustments they referred to on page 7 and 18, but this connection is not made clear. They also 

refer to adjusting other parameters to match empirical trajectories on lines 395-399, 417-419, 

and 500-503 but it is unclear if there were other parameters adjusted to the same end. While it 

is commendable that the authors used the empirical population declines to “ground-truth” 

their model in this way, especially when empirical values were not available for some 

parameters, the lack of details about their approach renders it difficult to determine whether 

model output is sensitive to the procedures employed.   

Similarly, for several of the parameter values used in the models, the authors cite a 

reference but the cited documents do not provide the level of justification one would expect 

for the values used in the P&J models. For example, in the main report and appendix the 

authors cite McShane et al. (2004) as support for their high and low nest success parameters (p. 

23, lines 521-523; Appendix p. 4), but the values in McShane et al. (2004) do not precisely 

match the values used in the P&J models and the McShane values are based on an ad hoc 

buffering around a single nest success estimate from British Columbia. Another example of the 

same type of relatively imprecise justification can be found in the survival parameters (p. 12, 

lines 280-283), where the survival estimates for the Risk and Enhancement models are justified 

with a reference to Peery et al. (2006), but the two values used to parameterize the P&J models 

correspond to male and female survival rates in Peery et al. (2006). Another example can be 

found in the breeding probability section (p. 13, lines 290-308); the authors are very thorough 
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in their documentation of existing data pertaining to breeding probability, but their final 

parameter value (0.90) seems relatively ad hoc (i.e., it’s somewhat higher than the empirical 

estimate of 0.77).  

To be clear, it is not unreasonable, given the paucity of data for marbled murrelets, to 

make these types of modeling decisions; furthermore, it is very good that the parameter values 

have some empirical basis and that the sources of the information are well documented. 

However, the authors should be fully forthcoming about how they chose the precise values 

they used in their models when other values based on the same empirical evidence could just 

as well have been used. Ideally, the authors would also be able to demonstrate that model 

output is not sensitive to these parameterization decisions. As mentioned above, the authors 

were very thorough and forthcoming about some of their parameterization decisions, but the 

same degree of clarity and unambiguousness applied to the most thoroughly documented 

parameters should be applied to all parameter values. While, admittedly, this level of 

transparency represents a high bar, adhering to it will yield thoroughly documented models, 

will aid in building trust between modelers and the users of model output, and will render the 

models more easily reproducible. These fine scale details need not be in the main report, but 

should at least be documented in an appendix. 

Related to precision in language, another potentially minor critique lies with the 

authors’ use of the term “quasi-extinction”; their use of it is non-standard in two respects. In 

PVA models, a quasi-extinction threshold refers to a population size ”below which the 

population is likely to be critically and immediately imperiled” (Morris and Doak 2002) due to 

genetic and/or demographic factors (e.g., Allee effects). In the P&J model, the authors use 

“quasi-extinction threshold” to refer to four different population levels (1/2, 1/4, 1/8, and 1/16 

of initial population size) that they use as benchmarks to measure model results, but they offer 

no justification for these levels in terms of extinction risk. The authors, in fact, identify their 

quasi-extinction thresholds as “subjective” (p. 30-31, lines 690-691), but if they are subjective, 

and not truly related to the likelihood of extinction, the authors should use some other term. 

Aside from the use of the term itself, the way the metric was measured was also non-standard. 

Most commonly in PVA analyses, when a simulated population falls below the quasi-extinction 

threshold, that simulation is halted and the population is counted as quasi-extinct for the 

purposes of tabulating the proportion of quasi-extinctions. In contrast, P&J calculated the 

proportion of populations that were at or below the quasi-extinction threshold at the end of 

the 50-year simulation, whether or not the population dropped below the threshold at some 

point prior to that. Whether this difference in tabulating “quasi-extinction” risk would impact 

model output is unclear, but the authors should justify this approach or modify it to be 

consistent with other PVA literature. 

For the most part, the P&J report is relatively clear, and precise, but there are places in 

the text with minor errors or with other textual imprecision. Below I list a few of these, but this 

list is not exhaustive, nor does it include minor typos. In the equation on line 328, the 
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parameter n is used, but is not defined in the text following the equation and had not been 

defined previously. The denominator in this same equation has the potential to be smaller than 

the numerator, rendering the transition probability (g) greater than 1, but presumably, the 

maximum value for the transition probability is 1; this should be clarified. The equations on 

lines 371 and 378 contain an error: the first term in the “local recruitment” portion of the 

numerator is missing its transition probability term. In the section on “Effects of Forest 

Conditions on Carrying Capacity” (p. 19-20), the authors use the phrase “one-to-one” where it 

appears they mean “linear” (lines 448-452). In that same section, the authors fail to define the 

units when referring to the “amount of late-seral stage forest” but indicate that the relationship 

between that “amount” and the number of murrelets has a slope of 1 (lines 452-455) – a 

statement that is meaningless in the absence of units (e.g., is it number of acres?). On line 552 

(and two places later in the text), the authors refer to OESF, but this acronym is never defined. 

On line 704, the authors use the term “edge type” in reference to distance-to-edge categories, 

but the same term is used to refer to “hard” or “soft” edges in the appendix and elsewhere. 

The appendix seems to suffer from these types of errors or imprecision more than the 

main text. For example, the authors begin the appendix by describing how “nest density”, D, 

was calculated, but the value itself appears to represent a bird density rather than a nest 

density since it is calculated as the total number of murrelets divided by acreage of available 

nesting habitat. Nest density would be that same value divided by two since each nest takes 

one male and one female. The authors ultimately correct for the 2 birds-per-nest issue when 

they calculate carrying capacity, KDNR, but using the term “nest density” to describe the 

mathematical term, D, is imprecise and confusing. Related to the same terms, the authors do 

not justify why “nest density” (D) is calculated using a different total acreage of available 

habitat (A) than the acreage of murrelet habitat that is used in other parts of the analysis (H) 

(see Appendix p. 1, last sentence under “Raw Habitat” section). In another instance of 

confusing language, in the first paragraph on page 2 of the appendix, the authors state that, 

“Edge type and distance were estimated with spatial analyses of DNR forest inventory and the 

proposed conservation alternatives”, but in the first sentence of the next page, they indicate 

that edge effects were estimated using non-spatial methods. These statements appear to be 

contradictory, but perhaps the lack of clarity stems from the term “edge effects” which is used 

in this and several other areas of the appendix and main text but is never defined, and appears 

to take on different meanings in different areas of the text. Fortunately, the mathematical 

equations on page 3 of the appendix help to clarify what the authors are trying to express in the 

text about edge types, but elsewhere the term is vague and variable so it should be deleted in 

favor of more precise verbiage or should be clearly defined and used consistently. Similarly, the 

tables in the appendix should be reviewed to ensure their accuracy, since for example, it is not 

possible to have “interior” habitat that is a “soft” edge type (as far as I understand), so the 

value in that part of the first table should have an “NA” rather than a numeric value. Each of 

these examples of imprecision or error are relatively minor, but the report would benefit from 

addressing them. 
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Specific Questions to Consider  

1.      If murrelets are displaced by habitat loss at the patch scale, is it reasonable to assume 
that the displaced birds will eventually disperse to another habitat patch (model 
assumption), or should we assume that murrelets displaced by habitat loss are permanently 
removed from the breeding population and become non-breeders?   

 This assumption is reasonable, and is the best (i.e., most conservative) assumption to 
make in the absence of data to better inform this aspect of the model. However, this is one of 
the assumptions that would benefit from being tested in a sensitivity analysis to determine if it 
has a strong impact on model output and if it could alter the relative ranking of the various 
management alternatives. 

2.      Is the current model structure sufficient to evaluate potential demographic responses to 
habitat changes on WDNR lands?  Are there other variables or alternative models to 
consider? 

 In general, models should not be more complex than necessary. The P&J model does an 
excellent job of keeping the parameters and assumptions to a minimum while still adequately 
assessing the complex and detailed proposed habitat alternatives. The authors’ approach to 
tying reproductive success to the various habitat quality/edge-effect categories is both 
appropriately minimal and effective. Although this approach requires a relatively large number 
of assumptions about the effect of edge and habitat type on murrelet reproduction, the 
required assumptions are primarily relative rankings, and changes in their precise value are 
unlikely to change how the various management alternatives are ranked in terms of their 
negative or positive potential effects on murrelets. In this way, the P&J model ideally balances 
complexity and functionality.   

3.      The model evaluates potential demographic responses to habitat changes on WDNR lands 
at a state-wide scale.  Should the current model be restructured to evaluate sub-regions and 
or subpopulations within the state?  If so, what is the basis and structure for this more fine-
grained assessment? 

 It is my opinion that insufficient data exists to further sub-divide the Washington 
population beyond the DNR/non-DNR structure employed in the P&J model. Very little data 
exist on movement and dispersal for the marbled murrelet or on population sizes and structure 
in smaller sub-regions within the state. Certainly, more detailed model output could be derived 
from models that evaluated the alternative management alternatives at finer scales if data 
existed to parameterize such models. But, adding model complexity when few data exist to 
parameterize more complex model structures leads to the addition of unnecessary (and 
typically unquantified) uncertainty and illusory benefits. 
 
4.  Consider the logic and basis of the analytical model that is based on mechanistic 
relationships with forest stands and edges – is there anything missing? 
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There is nothing in this aspect of the model that appears to be missing. On first read, I 

was concerned that edge effects were being “double-counted” through their effect on 
“adjusted acreage” of murrelet habitat and on nest success. But after more consideration, I 
believe these effects are both justified, and they address separate and legitimate impacts on 
murrelets. The authors might consider addressing this potential critique (i.e., double-counting 
the impact of edge effect) explicitly, but I do not think the report suffers significantly from this 
omission. 
 
5.  Consider the scenarios (Risk and Enhancement) – are they relevant from the perspective of 
conservation and population biology? 
  

  The Risk and Enhancement approaches span a reasonable range of potential future 
population trajectories and assumptions about demographic drivers of population declines. 
They are reasonable from both a population biology perspective, in terms of the feasibility and 
likelihood of the demographic drivers and responses, and from a conservation perspective, in 
terms of the feasibility and likelihood of the population trajectories. Under the Risk model, 
recent population declines were assumed to be a result of both density dependent factors (i.e., 
the population was in excess of carrying capacity as determined by nesting habitat availability) 
and density independent factors (i.e., environmental stressors dampening survival and 
reproductions). Under the Enhancement model, recent declines were assumed to be driven 
exclusively by density dependent factors (i.e., habitat availability). Under the different models, 
the population would be expected to respond differently once population numbers fell to the 
presumed carrying capacity. Given the different demographic assumptions made under each 
model, the similar output (in terms of relative rankings among the management alternatives) 
between the two models bolsters the idea that a different set of assumptions is unlikely to 
drastically change the model output. Other reasonable alternative assumptions are likely to 
either result in no differences among management alternatives or result in the same basic 
conclusions of the P&J models. For example, assuming that recent declines are driven solely by 
density independent factors would result in no differences among the alternatives since adding 
more habitat will unlikely alter the non-density related stressors. 
 
6.  Are there other ways to portray the scenarios (Risk and Enhancement), or other credible, 
relevant scenarios?  If so, might they lead to different inference? 
 
 The Risk and Enhancement approach is one of several potential ways to address the 
uncertainty inherent in the future trajectory of marbled murrelet populations and the 
uncertainty inherent in the cause of current declines. One could argue for other approaches 
that might explore a broader range of uncertainty in the drivers or the future, but P&J chose 
the scenarios well in terms of their coverage of demographic drivers and potential responses to 
future changes. Thus, the Risk/Enhancement approach has the advantage of being relatively 
simple both in its approach and in its implementation, and relatively comprehensive (cover all 
relevant bases). Such a minimalist approach is ideal when time and budgets are limited. I would 
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not recommend a different, more exhaustive approach, given the modeling goal and the results 
of the existing P&J models. 
  
Summary and Conclusions  
 

The P&J report was generally well written and thorough. The P&J models met the 

general aim of all modeling endeavor by being complex enough to meet the specified modeling 

goal without being overly complicated and over-parameterized, a balance than can sometimes 

be difficult to achieve. The primary strength of the P&J approach lies in the overall model 

structure and the achievement of this balance between complexity and minimalism. While the 

models required a considerable number of assumptions, they were not excessive in number 

given the modeling goal and the relatively detailed and habitat-specific differences among the 

management alternatives. The P&J modeling approach suffered from no major flaws. The few 

changes I would recommend to improve the P&J report, include the following: 

-fixing the various errors in the text mentioned above, 

-addressing the imprecision in some of the terminology (e.g., quasi-extinction, nest density), 

-including measures of variability and uncertainty in model results (and possibly reporting 

median and mean population sizes or full histograms) 

-ensuring that all parameters are fully and transparently described and justified (including 

adding an appendix or report section that explicitly states which parameter values were 

set or adjusted to get model output to match empirical population trajectories), and 

-conducting a sensitivity analysis on the three parameters mentioned in the P&J text (or 

justifying why they are unnecessary). 

However, none of these changes are absolutely necessary. The final two recommendations 

would require the most work, but would most benefit the report and model. 
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