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We appreciate reviewer's comments and concerns regarding details of the project proposal as well as their recognition of the potential value of the project. Our response to the concerns and suggestions of reviewers will consist of two parts. First, we will address  specific issues raised. Second, we will describe additional steps taken which we believe will strengthen the project in areas of concern to the reviewers.

Part I.

Reviewer's raise the following specific issues and concerns:

1) The use of lethal sampling to obtain age-length, fecundity, and lipids data;

2) The range of road densities in study stream basins;

3) The need to address specific pathways of sediment impact from logging road densities and conditions to stream habitat conditions;

4) The advisability of addressing inter-annual fluctuations in study stream population size; and

5) The need for a  list of specific hypotheses "that better acknowledge existing literature and more robustly test the relationships between trout population and sedimentation from forest management practices" and a "demonstration of better awareness of the results of existing studies, including an assessment and review of existing methods for predicting incremental change of population health with habitat change."

Regarding #1, we agree with the concern and are quite comfortable relying on existing regional data to provide initial estimates of fecundity-at-length/age and length-at-age. Matrix population modeling provides a host of exploratory, diagnostic, methods that can be employed to bracket the uncertainty in these estimates, and to identify and prioritize uncertainties that might need to be addressed by future, continued, study of the populations (cf. Caswell. 2001).

The lipids data is not essential to the immediate aims of the project. Surrogates for individual fish condition such as relative weight exist that can provide robust inter- and intra-population comparisons suitable for the immediate purposes of the project. We will evaluate the suitability of aging fish with scale analyses. Scales would be obtained during population sub-sampling with electroshockers as explained in the proposal.

Regarding #2, reviewers appear to have focused on an erroneous maximum road density figure (3.7 miles of open road per square mile basin area) listed in the text of the proposal (page 9, section B. Hypotheses to be evaluated under the project) rather than the corrected and more complete figures given in Table 1 (p. 11). The number 3.7 was based upon first draft data that was subsequently corrected. Table 1 contained the revised data and the corresponding text on page 9 was not corrected due to a proof-reading oversight that is the respondent's fault. We do wish to note that Table 1 was shown as a slide at our presentation to reviewers in Kalispell in January and the correct data on road densities in study stream basins was described in that presentation.

Table 1 shows that the study streams range in total road densities (miles of road per square mile of basin area) from 0.8 to 9.4. Three streams have basin densities of 1.5 or less, two have densities between 8.9 and 9.4. Four of these five have occupied stream habitats at significantly overlapping elevations (2360 to 4700 feet above msl). The remaining 4 streams have densities ranging from 2.6 to 5.1 at significantly overlapping ranges of elevation. 

Thus, we are confident in our expectation that study streams will exhibit a range of fine sediment impacts due to logging road densities and that these will be of an order that will have differential impacts upon the study trout populations that otherwise inhabit relevantly similar (if not identical) streams. Specific impacts of sedimentation and study hypotheses related to sedimentation are discussed below in response to #5.

Regarding #3, the casual chain leading from logging road density to stream channel habitat unit impact is straightforward in broad outline. If forest condition and management regime apart from road density is assumed to be constant, increasing road density is expected to promote increased fine sediment input to streams via overland flow (run-off) and/or increased likelihood of debris flows. Related impacts on stream bank and riparian vegetation condition from increased fine sediment-enriched overland flow and/or debris flows can be expected as well. Impaired riparian and stream bank condition themselves are expected to provide additional sources of direct fine sediment input to streams.

Once in the stream channel, increased fine sediment loads will be stored in and transported through stream reaches and channel units in a complex fashion dependant upon features of channel morphology and geometry that influence regional and local scale stream power. (Relevant literature includes, for example, Leopold et al. 1964, Leopold 1994, Montgomery and Buffington 1997, Montgomery et al. 1996, and Hicks, et al. 1991).

One critical feature of streams in forested catchments that affects transient sediment storage dynamics at both reach and channel unit scales is overbank and in-channel large woody debris. (Relevant literature includes Hicks et al. 1991, Bisson et al. 1987, Bilby and Bisson 1998, Abbe and Montgomery 1996, Montgomery et al. 1996, and Montgomery and Buffington 1997 and 1998). Large woody debris in the channel reduces local stream power through increased channel roughness and reach-scale aggradation, creating "forced" channel reach morphologies, most importantly forced riffle-pool reaches (sensu Montgomery and Buffington 1997 and 1998). This tends to result in increased transient sediment storage and increased localization of sediment storage. Debris jams also create numerous types of pool habitats. The effects of large woody debris on pool formation and sediment storage  act synergistically to maintain pool depths and complexity (see, e.g., Bilby and Bisson, 1998).

In so far as road density affects riparian and stream bank integrity and thereby size, volume, and recruitment of large woody debris to the stream channel, road density is expected to affect the extent to which increased fine sediment is stored in the channel and the manner in which it is stored. Increases in fine sediment input over undisturbed background levels due to logging road impacts are expected to be more severe where large woody debris is also negatively impacted.

Increases in fine sediment input to stream channels over undisturbed background levels due to logging road impacts are widely understood to result in pool filling -- resulting in decreased pool depths and frequencies -- and increased cobble embeddedness in riffles. 

These impacts and the role of large woody debris in reach and channel unit morphology were explicitly mentioned in the proposal (pages 7-8, and page 9; Objective 5, pages 12-13). Study reaches would be surveyed annually using Hankin-Reeves protocols to accurately characterize pool, riffle, and large woody debris conditions. 

We will review USDA-Forest Service Region 1 data and information regarding stream sediment vs. road density, as suggested by reviewers. We expect our study to provide stream basin-specific information relevant to refining estimations of road density/condition - stream sedimentation, and hence to expand this database.

The critical hypotheses for the project, however, have much more to do with the linkage between reach- and channel unit-scale stream conditions and westslope cutthroat population structure and dynamics than with the source of altered sediment input and large woody debris recruitment themselves. Logging road density and condition is, however, the clear anthropogenic practice most likely to cause stream channel conditions to differ from natural background conditions in study streams. We will evaluate correlations between surveyed stream conditions and logging road densities and the project will establish significant baseline information for monitoring these conditions over time.  

Regarding #4, an essential element of the project would be to estimate study stream westslope cutthroat populations annually. We also intend to secure funding to continue study and monitoring of these populations beyond the period for which  the RFP allows funding. The project is very much concerned with inter-annual fluctuations in population sizes but we recognize upon reflection, in light of reviewers' comment, that this was not mentioned explicitly, having gotten lost in our concern to elaborate concerns about variability at finer grain scales of population structure. We are happy to explicitly adopt/incorporate it as an objective.

We also note that we believe we have chosen a very robust size (length) for our within-stream study sites for the purposes of estimating annual total population sizes. We certainly expect considerable variability in annual population sizes; moreover, we would add that we also expect varying degrees of autocorrleation across years within populations. Such variability considerably confounds attempts to understand stream habitat-fish population dynamics and health, but we believe our approach provides a greater probability of beginning to unravel these key relationships than traditional approaches that assess fish population numbers at coarser scales of resolution.

At reviewers' suggestion we have reviewed Platts and Nelson 1988 and Cunjak 1996. Among other relevant studies, we have in addition reviewed Milner, et al. 1993 and Pearsons et al. 1992. Platts and Nelson in particular provide data that confirm generally wide variance in annual population sizes of stream-dwelling salmonids across a broad range of stream and basin habitat conditions. Their data also reveal that assumptions underlying the then-prevalent habitat suitability models (most of which are still employed) lack significant biological reality to explain the majority of this variability (although Milner et al. 1993 offer a somewhat more optimistic assessment), a situation that is largely still true nearly 20 years after the data Platts and Nelson reported on was collected.

The fact of large interannual variability in natural trout populations combined with habitat suitability hypotheses and models that appear to lack sufficient biological reality to track population numbers is the kind of troubling condition that has motivated our proposal. Platts and Nelson provide a valuable suggestion in their discussion of "Carrying Capacity" (op. cit., page 341) when they cite Burns (1971) who cites Moyle (1949) to suggest that carrying capacity be viewed as "a mean value around which a population fluctuates". This requires both a dynamic and a long-term perspective. 

Our perspective is that stream habitat conditions at several spatial scales and across several temporal scales need to be related to gross (total numbers) and fine-scale (age/stage) population attributes and dynamics if our understanding of habitat/population relations is to be extended and refined. We need to begin to unravel how stream habitat conditions are correlated with/related to fish population stages (e.g., age/size classes) and vital rates, and how these stages and rates are related to total population dynamics (population growth rates and the statistical moments of these rates). To our knowledge, little if any work on resident salmonid populations has been done from this point of view. Our project proposes to begin to change this situation.

Regarding #5, we repeat a remark made above in regard to #3. The critical hypotheses for the project have much more to do with the linkage between reach- and channel unit-scale stream conditions on the one hand and westslope cutthroat population structure and dynamics on the other than with the source of altered sediment input and large woody debris recruitment themselves. We stated on page 9 of the project narrative that we "expect cobble embeddedness in riffles and percent fines in pools to be lower and average pool depths to be greater in streams with lower total basin road densities."

We can elaborate on this remark by noting that increased percent fines in pools in comparison to non-catastrophic (see Benda et al. 1998) natural background conditions will reduce pool volume providing less living space for various life stages of salmonids (cf. Cunjak 1996). It will also have indirect effects on organic carbon retention in pools, likely resulting in reduced primary and secondary production in pools and throughout the stream in general (cf., Bilby and Likens 1980). 

Increased cobble embeddedness will similarly impair secondary production of invertebrates and reduce interstitial space that provides substrate refuge for juvenile life stages (cf., Cunjak 1996). It also will reduce among-cobble area in riffles that provide velocity refuges for riffle feeding life stages and by reducing bed roughness will increase velocities and local near-bed shear stress in riffles further impairing riffle feeding trout life stages by raising the energetic costs of riffle feeding. So, the general expectation of increased fine sediment in pools and riffles is to reduce the amount of high quality habitat available to a range of trout life stages, to reduce the variety of habitat types and niches, and to reduce (or possibly shift) secondary production. 

Conversely, relevantly similar streams with less abnormal levels of fine sediment input will tend to have deeper pools and a greater variety of pool habitats, less embedded riffles and more diverse riffle habitats. These habitats will likely be more productive and more energetically optimal for resident salmonids. Both Pearsons et al. (1992) and Cunjak (1996) provide evidence suggesting that diverse, complex stream habitats are more resilient to natural disturbance, resulting in more stable fish communities and individual populations over time (i.e., between years). 

So, the general expectation would seem to be that streams with complex, diverse channel habitats are more resilient to environmental disturbance and have "healthier" trout populations. While intuitively reasonable, few long-term data sets exist which could confirm this intuition across more than a few years. Apart from this we are unaware of any robust, validated existing method "for predicting incremental change of population health with habitat change." 

We certainly do not consider IFIM and related methodologies, for example, to be such a method. Although some coarse predictions can be made regarding increases in habitat area and/or complexity and short term increases in target fish taxa population numbers, such predictions are neither robust over meaningful periods of time nor appropriately ecologically based and sophisticated, particularly in the concept of population health that they employ.

Moreover, and of greatest moment to the project proposal, little if any of these or similar studies/methods directly assesses impacts of these gross kinds of stream habitat variables on specific life stages and vital rates. Even those that do provide some population sub-structure (fry vs. parr vs. adults , cf. Milner et al. 1993) lack an explicit study design or duration to provide robust estimations of impacts to the vital rates of the life stages identified. It is our leading hypothesis that this needs to be remedied in order to extend our understanding of stream habitat/trout population relationships.

We also note that the very notion of population health is at issue here. Until we have a clearer understanding of how resident trout populations in low-order streams in specific ecoregions are internally structure in the manner analyzed by age/stage population models, we will lack a robust understanding of population health. The confounding variability in raw abundance numbers of the kind displayed in Platts and Nelson's data is  likely to be displayed in population life stage numbers and rates as well.

A healthy population is hypothesized to display a tendency toward a long-run equilibrium set of vital rates and stage abundances. We need to discover what those are for specific species, sub-species, and populations, what departures from them are threats to population health, and how and at what rates they respond to changes in habitat conditions at varying scales.. 

Our proposal is a step toward this understanding for westslope cutthroat in the lower Pend Oreille Subbasin. We believe the hypotheses discussed herein and in the proposal narrative itself (pages 9 and 10,"Hypotheses to be evaluated") are as robust and clear as it is reasonable for them to be, and that the study methods proposed are appropriate to the information-gathering tasks. 

Finally, we are obviously under no illusion that the initial period of study for which funding is requested is sufficient to address the issues raised by the high levels of inter-annual variability just discussed. The proposal will provide valuable baseline data on stream habitat and trout population condition in the study streams, and will lay a foundation upon which we plan to build in order to move closer to the kind of improved understanding of the dynamics of stream habitat/trout population relations noted herein and in the project narrative.

Part II.

To further strengthen the proposal we have added Dr. Jack Stanford (University of Montana; Director, Flathead Lake Biological Station) as Project co-Director. Dr. Stanford will provide advice and oversight to Project Director Gayeski regarding study design, development of ecological hypotheses, and hypothesis testing and evaluation. 

We have also added Dr. Todd Pearsons to advise and assist with in-stream sampling of fish populations and stream habitat. This will add the participation and assistance of a researcher with extensive experience in surveying resident stream fish populations and habitats.

Eliminating the components of the proposal involving lethal sampling will free an additional $12,000 from the proposed budget which would be devoted to cover the costs of Drs. Pearsons and Stanford's involvement in the project.
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