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Peer review of draft Puget Sound steelhead Status Review

In November 2005, we asked several scientists with expertise in steelhead biology and viability analysis to review the draft status review update for Puget Sound steelhead completed in July 2005.  We have received comments from four reviewers and respond to them here; where appropriate, we are incorporating these responses into the final review, now planned for publication as a NOAA Technical Memorandum.  We have summarized and organized the reviewers’ comments into categories relevant to issues raised by the Biological Review Team (BRT).  The peer reviewers’ unabridged comments are included in an Appendix; the reviewers are identified by number in order to preserve their anonymity.

Peer Reviewer Comments on the Draft Status Review Update
for Puget Sound Steelhead (26 July 2005)
Four reviewers provided comments on the draft Status Review Update for Puget Sound steelhead.  In general, the reviewers strongly supported the conclusions of the Puget Sound Steelhead Biological Review Team (BRT), composed of 13 federal scientists from four agencies (NOAA, USFWS, USGS, and USFS) with expertise in salmon and steelhead conservation biology.  However, some of the reviewers were critical of aspects of the analytical methods employed by the BRT to assess the status of populations within the Puget Sound Steelhead DPS
.  Two of the reviewers also provided additional information that further underscored threats to Puget Sound steelhead identified by the BRT.

Substantive Scientific Comments

1. Status of the Puget Sound Steelhead DPS—Reviewer 1 stated that the conclusions of the BRT were well supported by the information and analysis provided.  Reviewer 2 agreed with the findings of the BRT, that “steelhead in the Puget Sound ESU are biologically unhealthy and could become at risk of extinction in the future.”  Reviewer 3 concluded that the status review was “thorough” and “provides an assessment of the status of Puget Sound steelhead with methods that cannot be faulted other than in the provision of empirical data and description of data collection methods.”  Reviewer 4 also agreed with the BRT’s conclusions, concluding that the review was “very thorough” and finding “the evidence presented to convincingly support the conclusion of the Biological Review Team that this ESU is likely to become at risk of extinction in the near future.”

Response:  No response is required.
2. Relative condition of winter and summer-run steelhead—Reviewer 1 felt that the focus of the analysis should be on the status of winter-run steelhead, given the predominance of this life history type throughout Puget Sound, both currently and historically.  Reviewer 2 was concerned about the lack of information on summer-run steelhead populations in Puget Sound.  Although summer-run steelhead may naturally persist at low abundance levels, the reviewer was concerned that they were at a high risk of demographic extinction, especially during poor ocean conditions.  Reviewer 2 believed that the summer-run life history was an important diversity component, that once lost is unlikely to be reestablished within short evolutionary time frames (e.g., hundreds to thousands of years).  Reviewer 2 did not agree with the BRT’s hypothesis on the evolution of summer-run steelhead in most basins (instead considering winter-run steelhead to be derived from summer-run steelhead in coastal rivers where they co-occur), but the reviewer did concur with the BRT on the potential impact of their loss.  Reviewers 3 and 4 had no substantive comments on the relative condition of the two life history types.

Response:  We agree with the reviewers’ comments generally.  The focus of the status review on winter-run steelhead was dictated by the information available for O. mykiss in Puget Sound.  We agree with the concern of Reviewer 2 about the lack of information on summer-run steelhead and their elevated risk.  Regardless of the actual evolutionary relationship between the two life history types, we concur with Reviewer 2 that the presence of winter-run fish does not guarantee the persistence of a summer-run form and that a lost summer-run population would be difficult to restore naturally.  We therefore agree that the low abundance and limited distribution of summer-run steelhead in Puget Sound is a major threat to the overall diversity of the DPS as a whole.  No change to the status review is required.
3. Status of steelhead populations in Puget Sound—Reviewer 2 concurred with the risk findings of the BRT.  Reviewer 2 added that the lack of an apparent rebound following poor ocean conditions in the 1990s was worrisome.  More southern steelhead populations in southwestern Washington and in Oregon exhibited a resiliency in productivity with improvements in ocean conditions that was not evident in Puget Sound populations.  Reviewer 3 felt that the lack of an analysis of abundance data for wild winter-run steelhead from Snow Creek, a small stream on the Olympic Peninsula, was a serious omission from the status review.  Reviewer 4’s opinion was that the methods used in the status review for evaluating population status did not explicitly consider habitat condition, which he considered to be a critical element in understanding population trends.

Response:  We agree with Reviewer 2 that the lack of a recent resurgence in abundance of Puget Sound steelhead—since ocean conditions in the region have generally improved and since harvest rates have declined—are key to understanding the factors that limit steelhead productivity in this DPS, an argument the BRT made in its review.  Reviewer 3 makes a valid point about the trends in abundance of Snow Creek winter-run steelhead.  This population represents one of the region’s longest term, watershed-scale studies on this species.  However, the Snow Creek drainage system is not representative of the level of human development seen in many other Puget Sound streams.  The watershed enters Hood Canal near its northernmost end, so steelhead do not have to pass through a long fjord on their way to and from their freshwater home.  There is some development along Snow Creek (including one of the most extensive clear-cuts in Washington state), but the stream lacks the urban and industrial changes seen in many other areas.  Based on these differences, the BRT members are reluctant to extrapolate trends in the Snow Creek steelhead population to those of southern Puget Sound, for example (as implied by the reviewer).  We are examining Snow Creek steelhead abundance data to evaluate their patterns relative to other Puget Sound steelhead trends, and it appears that the recent trend in abundance of Snow Creek steelhead is similar to those observed for several Puget Sound steelhead populations, including some surrounding populations from the Strait of Juan de Fuca; Snow Creek steelhead show a recent sharp decline in adult abundance with a very recent modest upswing.  Reviewer 4 is correct that the BRT did not explicitly consider habitat condition in the status review, but issues such as this one are typically evaluated extensively in a subsequent “Factors for Decline” document prepared after a final listing determination is reached by NOAA Fisheries Service.  That said, we agree that variability in habitat condition is an important factor contributing to the Viable Salmonid Population parameters for steelhead in this DPS.  However, the principal factors contributing to the decline in abundance of steelhead, and their current status in Puget Sound, are not clear.  As a result, many scientific uncertainties need to be addressed as part of overall recovery planning.  We are incorporating these responses into the revised status review.
4. Statistical analysis of population abundance—Reviewer 1 described the assessment process as “legitimate,” adding that the suite of quantitative methods and measures employed by the BRT were similar to other accepted analyses.  Further, Reviewer 1 felt that most, if not all, of the relevant and available data had been utilized.  Although Reviewer 2 agreed with the BRT’s conclusions and thought that the status assessment was “sound,” there was some concern expressed over the use of lambda (a measure of population growth rate) to evaluate population abundance trends.  Reviewer 2 suggested that a formal population viability analysis (PVA) would have provided more useful information for analysis of extinction risk.  In particular, Reviewer 2 felt that spawner-recruit functions would be useful in evaluating population productivity, especially at low spawner abundance; he also felt that the BRT’s criticisms of Washington Trout’s analyses of spawner-recruit relationships for five Puget Sound steelhead populations were somewhat misguided.  Reviewer 3 “found little fault” in the writing or analytical techniques; however, the lack of empirical data “limited the review and its veracity.”  Reviewer 3 further indicated that the collection of information on smolts per spawner, smolt-to-spawner survival, and the smolt/spawner ratio relative to the absolute number of spawners (as an indicator of density dependence) was critical to understanding the factors underlying the trends in abundance observed for each population.  Additionally, population-specific information was necessary for the statistical analysis of population trends with confidence limits.  In the interim, Reviewer 3 suggested that data collected for winter-run steelhead in Snow Creek should have been included in the status review as a possible indicator of annual ocean conditions and used as a reference for interpreting the other data sets from the Puget Sound DPS.  Reviewer 4 did not comment specifically on the population analyses used to evaluate VSP parameters and risk.  However, he did conclude that the BRT’s two-stage method employed to first assess viability of individual populations in the DPS—based on the VSP parameters of abundance, productivity, spatial structure, and diversity—and then assess the viability of the entire DPS—based on number, distribution, and connectivity of constituent populations—was “sensible.”

Response:  With a few exceptions, there was little information with which to develop statistical trends in abundance.  A form of population viability analysis (PVA) was provided by Washington Trout to the BRT for five of the largest steelhead populations in Puget Sound.  This was possible because relatively complete adult abundance data (in the form of expanded redd counts) and time series of population age structure were known for these populations.  The BRT reviewed these analyses and concluded that they were useful in corroborating additional analyses of trends in productivity and abundance. The BRT also concluded that the utility of this approach was limited by the use of an average age structure taken from historical data to estimate recruits and by failing to account for errors in estimates of spawner abundance.  Although Reviewer 2 is correct in pointing out that concerns regarding the use of an average age structure in evaluating recruitment relationships may be relatively minimal compared to other factors, the BRT felt that the fact that this age structure is based on much older data than the spawner-recruit time series may impose undue bias on the analyses.  Although the run size and escapement data used in Washington Trout’s analysis for the five populations were recent (through 2001-2003, depending on the population), the age structures were not.  The age structure data were obtained from scales and tags recovered in the late 1980s and early 1990s, a period not coincident with the abundance data.  Failing to account for temporal variability in age structure can bias estimates of productivity by overestimating recruitment in small cohorts and underestimating recruitment in large cohorts.  Furthermore, and more importantly, the errors surrounding the estimates of spawner abundance remain unknown (but are probably quite high, e.g., the proportion of redds dug by hatchery-origin steelhead).  Thus, the BRT concluded that the Washington Trout analyses had significant limitations.  In its own analyses, the BRT could not avoid all these sources of bias but tried to minimize them by basing calculations on empirical age structure distributions that varied over time, where they were available, and identifying where this was not possible.

The BRT also noted that the fit of the stock-recruit data in Washington Trout’s analysis was not evaluated quantitatively, and the BRT therefore attempted to fit these data to alternative models.  In general, the fit of the data to either Ricker or Beverton-Holt stock-recruit models was very poor; for each of the five populations, a simple density-independent model such as the random-walk model with trend provided fits equally as good.  Nevertheless, the fits to the random-walk model with trend were also poor.
The BRT therefore used several analyses to look for emergent patterns in the abundance and productivity trends, including estimates of trend, population growth rates, and estimates of recruits per spawner.  We agree with Reviewer 2 that analysis of population growth rates does not account for density dependent productivity; however, the ability to detect such factors with the available data are limited because of the scientific uncertainties and assumptions associated with the spawner-recruit relationships.  Furthermore, although (as Reviewer 2 indicates) most of these methods do not capture the productivity of salmon/steelhead populations at low abundance—and, thus, may be most suitable for evaluating progress toward recovery as a population rebounds from low abundance—most BRT members believed this was not the only important consideration, and that the variability in the estimates of recruits per spawner at low density limited the confidence with which they could estimate this productivity.  Nevertheless, the conclusions drawn from the BRT’s analyses were remarkably similar to those drawn by Washington Trout, despite flaws in the methods of all of them, and the conclusions all support concern over low abundance and eroding productivity in even the largest and most robust populations in the DPS.
We agree with Reviewer 3 on the need for more complete data sets; however, in the absence of such information it was necessary for the BRT to employ statistically conservative methods (i.e., averages and trends) to retain an acceptable level of confidence.  Similarly, we agree with Reviewer 3 that information from Snow Creek winter-run steelhead is likely to be useful in interpreting trends from other populations in the DPS.  Partitioning effects that influence population trends may be useful if potentially cyclic climatic changes (e.g., decadal oscillations in marine upwelling and productivity) can be separated from long-term freshwater or inshore habitat changes or other biological effects (e.g., disease, predation).  For the purposes of the status review, distinguishing between short-term (transitory) and long-term (semi-stable or permanent) effects is important in determining the certainty that observed trends will continue in the immediate future.  For example, if the primary factors for decline are temporally stable or difficult to reverse, then it is not necessary to prioritize factors for decline but simply establish the risk of extinction based on existing conditions.  As was mentioned above, factors for decline are generally identified by NOAA Fisheries Service subsequent to a final listing determination.  We are incorporating these responses into the revised status review.
5. Influence of hatchery-origin steelhead—Reviewer 2 agreed with the BRT’s decision to exclude Chambers Creek winter-run steelhead from the DPS.  This reviewer cited evidence of Chambers Creek winter steelhead reproductive failure in nature as evidence of the extent to which this stock had become domesticated.  This reviewer concurred with the BRT’s concerns regarding the potential interaction between natural-origin and hatchery-origin steelhead.  Reviewer 2 stated that, if anything, the BRT did not emphasize the full suite of risks presented by hatchery-origin steelhead.  Specifically, the ecological interactions that occur between hatchery- and natural-origin steelhead during juvenile freshwater, estuarine, and marine rearing can substantially reduce the productivity of natural-origin steelhead.  Reviewer 2 challenged the Washington steelhead management “paradigm” that there was little interbreeding or interaction between early-returning Chamber’s Creek winter steelhead and natural-origin winter steelhead, noting that “even if hatchery and wild fish are temporally separated at spawning, their offspring are not.”  Reviewer 2 also stated a concern that much of the abundance data, including analysis of trend in recruits per spawner, was confounded by the potential presence of hatchery origin steelhead.  Reviewer 3 was similarly concerned by the potential negative interactions between hatchery and wild fish, but he did note that much of this concern was based on speculation rather than definitive research (“albeit accurate in my view”).  He noted that “wild” steelhead productivity has declined while harvest rates fell and hatchery releases increased, indicating the situation is somewhat complicated.  Reviewer 4 felt that the BRT’s conclusions regarding the effects of hatchery on wild fish were “reasonable.”

Response:  Washington Department of Fish and Wildlife (formerly Washington Department of Game) made a deliberate choice in steelhead propagation several decades ago to rely primarily on single broodstock sources for winter-run and summer-run hatchery programs, respectively.  The winter-run stock was derived initially (1945-1955) from Chambers Creek (southern Puget Sound) and selected rapidly for early run and spawn timing for several generations to produce smolt-size fish in one year.  The summer-run stock was derived (1957-1963) from a genetic admixture of Washougal and Klickitat river steelhead, propagated at the Skamania Hatchery on the Washougal River (lower Columbia River basin).  Skamania steelhead were also selected artificially for early run and spawn timing to produce smolt-size fish in one year.  Skamania steelhead were also selected artificially for large body size.  The Washington Department of Fish and Wildlife now asserts that those selective breedings for early run and spawn timing minimize natural interbreeding and negative genetic interactions between hatchery and natural-origin fish, thus justifying—from their perspective—continuation of those existing programs.  However, reducing opportunities for direct interaction also elevates the adverse consequences of those interactions when they do occur.  For example, as Reviewer 2 noted, “I think it is important to dispel the myth that as long as the hatchery fish spawn at different times within the basin that their adverse impact is unlikely—this just isn’t true.”  
The BRT felt strongly that the opportunities for genetic and ecological interactions between hatchery and wild steelhead in Puget Sound were substantial, and that the biological consequences of those interactions on reducing natural productivity were potentially significant.  Those interactions are further enhanced by the common practice of “outplanting” from hatchery trucks steelhead smolts into streams where there is no opportunity to recapture returning adults that escape local freshwater fisheries.  Moreover, the arbitrary March 15 threshold used by Washington Department of Fish and Wildlife to separate censuses of hatchery and wild fish confounds evaluations of those potential hatchery fish effects, thus increasing scientific uncertainties.

Unfortunately, research on the interaction between hatchery and wild steelhead has been very limited in the past, especially in Puget Sound.  Recently published studies suggest that the level of interaction is far greater than has been assumed.  Whether such interactions have also reduced the fitness of wild steelhead remains an open question, but studies of other salmonids generally indicate that this reduction in productivity can occur, possibly within a few generations.  Furthermore, at least one recent study in the Hood River (Oregon) indicates that the productivity of naturally spawning hatchery steelhead relative to wild steelhead clearly depends on the degree to which the hatchery steelhead have been domesticated.  Until studies more clearly indicate the effects of interbreeding between hatchery and wild steelhead, reducing both opportunity for interaction between these fish and the consequences of that interaction (e.g., by eliminating “outplanting” and by using hatchery broodstocks genetically and phenotypically similar to local wild fish) are prudent management choices.  We are incorporating these responses into the revised status review.
6. Role of resident O. mykiss in sustaining steelhead populations—Reviewers 1 and 2 concurred with the BRT’s decision to include resident fish below long-standing natural and artificial barriers.  Furthermore, both of these reviewers, in addition to Reviewer 4, agreed with the BRT in regarding resident fish as a minor contributor to the long term sustainability of Puget Sound steelhead populations.  Reviewer 2 provided qualified comments in that, although resident trout are unlikely to maintain productivity, connectivity, and diversity for the entire DPS for a protracted time, they may be capable of providing a reproductive cushion in the short term (a few years).  Reviewer 3 indicated that it is critical to separate the freshwater and marine life stages of steelhead in analysis of stock status and trends, and indicated that “there is potential for resident trout to function in a temporary manner to help bridge steelhead populations through rare, but extreme periods of low marine survival.”  Reviewer 4 agreed with the BRT’s conclusions, noting that this life history form was “unlikely to maintain connections to other populations, and that the anadromous life history was an important component of the ESU’s diversity and viability.”

Response:  The BRT was concerned with the ability of resident O. mykiss to ameliorate the risk of extinction of the DPS in the foreseeable future, a period generally covering 20 to 100 years in most risk analyses.  There was very limited information available on the abundance and genetic contribution of resident fish to steelhead populations, and the information presented indicated that although there was some interbreeding between resident and anadromous fish this was not a significant contribution to the long-term viability of an DPS highly dominated in abundance by the anadromous form (i.e., steelhead).  It is possible that this interaction may provide a short term demographic resiliency, although loss of the anadromous form would result in a catastrophic decline in diversity.  Ultimately, the BRT’s task was in assessing the longer term risk of extinction facing Puget Sound steelhead, and to accomplish this task it focused on the primary data available: trends in abundance and productivity of anadromous fish.  Although the O. mykiss life history appears to be extraordinarily plastic, and resident and anadromous fish both may produce the alternate life history form, the extent resident fish produce anadromous adults is largely unknown.  In addition, the freshwater “trout niche” in Puget Sound is already occupied primarily by native coastal cutthroat trout, and the extent that resident O. mykiss alone can maintain self-sustaining natural populations in direct competition with cutthroat trout is unknown.  
Although the present NOAA policy on steelhead DPSs removes the necessity to consider resident O. mykiss, the reviewer’s comments are still useful in supporting the separation of the two life history types for assessing extinction risks in Puget Sound; the inclusion of resident O. mykiss with Puget Sound steelhead failed to diminish the DPS’s estimated risk of extinction within the foreseeable future.  No change to the status review is required.
Minor Scientific Comments 
1. Hybridization between O. mykiss and O. clarki (cutthroat)—Reviewer 3 suggested that the effects of hybridization between rainbow/steelhead and cutthroat trout on diversity be assessed.  The presence of localized hybrid swarms may have a negative effect on the fitness of wild fish, and that the incidence of these swarms may be related to fish stocking activities.  Although “it is not likely a key factor” for decline, Reviewer 3 indicated that the effect of hybrid fish on overall DPS viability should be considered. 
Response:  The BRT discussed rainbow/steelhead and cutthroat hybridization in their report.  Although specific areas with relatively high incidences of hybrid fish have been identified, it is unclear how extensive this occurrence is.  Additionally, in the absence of a historical baseline it is unclear if the hybridization observed represents a natural process or one that is influenced by anthropogenic activities such as fish introductions or habitat disturbances.  Unfortunately, much of this discussion was not captured in the BRT’s status review, but in the event of a listing the issue can be discussed in greater detail in a “Factors for Decline” document.  No change to the status review is required.
Editorial Comments


None were received.
Policy-related Comments


None were received.
Summary of Reviewer Criticisms
The reviewers each agreed with the overall conclusions of the BRT in the status review. The primary criticisms of the status review were:

a. A lack of empirical data on key abundance and productivity parameters, and a weak explanation for how these data were derived;

b. The need to more clearly separate freshwater and marine life-history stages and their influence on productivity;

c. The need for a clearer appraisal of proportion of naturally spawning fish of hatchery origin, and, if possible, a more rigorous assessment of the impacts of these fish on wild steelhead;

d. Reliance on population growth rate rather than spawner-recruit relationships to evaluate productivity at low spawner abundance; and

e. Omission of Snow Creek winter-run steelhead information
Response:  We appreciate the comments of these reviewers which largely concur with the BRT on the composition of the Puget Sound O. mykiss DPS and its estimated extinction risk.  On the main points of the status review, each reviewer has agreed with the team’s conclusions, and the primary criticisms summarized above do not detract from the review’s primary conclusions.  We agree with the reviewers that the analyses are limited by the absence of comprehensive data and the lack of clarity on how some viability indices were produced by steelhead managers in Washington.  For example, the BRT’s analyses relied heavily on Washington Department of Fish and Wildlife’s identification of “wild” and “hatchery” steelhead, and an assumption that spawn timing differences between these classes are maintained across successive generations—an assumption that is unlikely to be true.  Most BRT members stated in their deliberations that the status review provides conservative appraisals of the abundance of naturally spawning hatchery fish and the consequent genetic and ecological impacts of these fish on wild populations.  The lack of data on abundance and productivity metrics at distinct life-history stages also limited the BRT’s ability to evaluate factors that limit viability of steelhead in this DPS.  The BRT’s reliance on estimates of population growth rate (λ) is somewhat overstated by Reviewer 2, we believe.  Although we concur with the reviewer that inspection of spawner-recruit relationships and their residuals at low spawner abundance can provide insight into limits to productivity when populations are depressed, these data are highly variable, have some inherent problems (including no clear way to ascertain their variability), and in any case seem to augment what the BRT’s other analyses are providing.  The addition of the Snow Creek winter-run steelhead data to the BRT’s analyses is an important suggestion because of limited influences of hatchery production, harvest, and resident fish, and this dataset is one we intend to explore further.

Appendix: Peer Review Comments

Reviewer 1:
The status review was well written and organized.  The presentation of materials was clear and logical and the authors made good use of available relevant literature.

The key assumptions that the Review Team made were appropriate and valid.  Two of the primary ones were that: (1) the focus should be on winter fish; and (2) the potential influence of resident forms on the persistence of the anadromous forms was minimal.  The vast majority of populations in the ESU were winter fish so it was appropriate to focus analyses on this form.  The Review Team argued that that there inclusion of naturally produced resident fish below long-standing man-made and natural barriers were part of the ESU.  However, the Review Team assumed that because of their relatively small size resident populations that resident populations were “unlikely to significantly reduce the risk of extinction of anadromous populations over the long term.” (p. 36).  This seemed logical, particularly given the lack of conclusive evidence to the contrary in the scientific literature.

The assessment process used by the Review Team was legitimate.  It appears that the Team used most, if not all, of the relevant and available data.  A suite of quantitative methods was used to help the risk assessment.  The selected measures were those typically used in similar analyses. Each represented a different perspective with regards to trends in population abundance and growth rate/productivity.  The inclusion of confidence bands on the escapement and run size were particularly helpful and informative. 

I believe that the conclusions of the Review Team were well supported by the evaluation process.  The actual risk assessment used a modified Delphi process.  This was an appropriate approach, especially since Team members were permitted to distribute points among possible outcomes so that they could express their uncertainty.  There was relatively little variation among the scores of the various members which suggests to me that the Team seemed very confident about their final assessment.
Reviewer 2:
Thank you for the opportunity to review this document.  It was interesting to read, well organized, and thoughtfully prepared.  Overall the analyses make sense to me and seem logical. Although my following comments are lengthy, it is not my intent to detract from the quality of this status assessment, which I believe is sound.  My comments are provided in the spirit of objective feedback that the BRT will hopefully find useful.

First some general comments.  I agree with the finding of the BRT that steelhead in the Puget Sound ESU  are biologically unhealthy and could become at risk of extinction in the future.  I believe the information available collectively leads to the conclusion that many of these steelhead populations are likely in worse condition than they when last reviewed in 1996.  Compared to more southerly steelhead populations in SW Washington and Oregon which have generally experienced a rebound since the mid-1990s, many Puget Sound populations (and apparently those to the north in British Columbia) continued to decline.  This is a worrisome development and perhaps worth drawing more attention to in the review.

I am also worried about the lack of information on the summer steelhead populations.  Given their naturally low abundance levels, these populations would be the first to be placed at risk of demographic extinction during a period of significant decline in marine survival rates (as may be occurring for Puget Sound steelhead).  Further, once lost, the stream-maturing life history may be hard to retrieve from nearby winter steelhead populations.  From a life history evolution standpoint, I believe the transition from a summer-run to winter-run is easier to envision than from a winter-run to a summer-run (more on this later).  Bottom line is that I think these summer run populations are a significant part of the genetic legacy and if lost their re-creation via natural selection is unlikely.  I think the BRT should bring more attention to this issue in the review.

The two most compelling factors which lead me to agree with the overall BRT finding were: 1) the lack of a post-1990s rebound in abundance for most Puget Sound populations, in contrast to steelhead populations elsewhere, and 2) the unknown and most likely tenuous status of the summer steelhead populations in Puget Sound.

The rest of my review relates to comments that correspond to specific portions of the text.  I have organized these comments in simple chronological order as I read through the document.

Page 11, last paragraph – Here and elsewhere in discussing the potential adverse impacts of hatchery fish, more attention needs to be paid to the ecological interactions between offspring of naturally produced hatchery fish and wild fish.  The review finally gets to this point on page 61, 2nd paragraph – but I would like to see it sooner.  Especially in light of the steelhead management paradigm in Washington which is:  if they spawn at different times and can’t interbreed there shouldn’t be a problem.  I think there is good evidence that this is not the case.  While temporal spawn timing differences may limit adverse gene flow – it doesn’t eliminate juvenile competition of the offspring in freshwater.  I think this can cause as large of hit on the productivity of wild fish as the interbreeding issue.  At any rate – need to flag this ecological/competition issue more prominently in my view.

Page 13, 2nd full paragraph – There is only one theory developed (somewhat implied) as to how the summer steelhead life history comes about, basically that it naturally evolves from the winter life history form if there is a waterfalls.  I have always thought that this sequence of events was not plausible.  What makes more sense to me is that summer-runs were the historical form and that the winter-run form evolved in places that were close to the ocean.  Where summer steelhead remain in coastal basins is where an isolating mechanism (waterfalls or distance) happened to exist that provided the selective “incentive” to retain the summer-run life history.  While I can understand how a summer steelhead population could easily evolve into a winter-run population – incrementally waiting longer to come into freshwater and being selectively “rewarded” with lower pre-spawning mortality.  It is difficult for me to see how a barrier waterfalls could create a summer steelhead out of a winter steelhead population.  Given that the winter steelhead is entering the rive ready to spawn, the additional delay that might allow passage over a waterfalls during lower summer flow periods would extract a heavy cost on survival.  For this transition to work the winter steelhead would not only have to migrate later, but more importantly suddenly advance the maturation schedule a full year.  It is hard to see how direct selection pressures could make this happen.  Sorry this is so long, but it is an important issue in my mind.  It is particularly relevant here, because it means to me the loss of a summer steelhead population would most likely be permanent (unless it was restarted by transplants from another extant summer-run population).  I feel strongly that the presence of winter steelhead is pretty irrelevant as a cushion against losing the summer steelhead life history.

Page 20, 1st full paragraph – I agree with the BRT’s decision to include all O. mykiss produced below long-standing human or natural barriers as part of the ESU (i.e. steelhead and resident rainbow.

Page 27, top of page – I agree with the view that a hatchery stock such as the Chambers Creek steelhead could be classified as a “category 4” stock on the basis that although  from the same ESU, it has been highly domesticated.  I find the nearly complete reproductive failure of this stock of hatchery fish under natural conditions is a compelling reason that significant, maladaptive domestication has occurred.

Page 34, 1st full paragraph – Another place where the discussion of impacts of hatchery fish on wild fish should include the ecological impact of competition between naturally produced offspring of hatchery and wild spawners.  I think it is important to dispel the myth that as long as the hatchery fish spawn at different times within the basin that their adverse impact is unlikely – this just isn’t true.

Pg 35, 1st paragraph – I think the conclusion about resident fish in terms of ESU viability is not entirely correct, or at least there is an angle that seems to have been missed.  While I agree that resident trout are unlikely to maintain productivity, connectivity, and diversity of the entire ESU (including steelhead) for a protracted time period – I think that for short periods (1 to 5 years) they may provide a reproductive cushion during extremely poor marine survival/migration.  For example, Snake River steelhead populations were pushed down to very low abundance levels in the 1970s (1 to 2 spawners per 10 stream miles) and yet rebounded quickly when survival conditions improved in the 1980s.  I think it is reasonable that resident trout (which would have remained unaffected by ocean conditions) may have provided some of the smolts that contributed to this rebound.  My point is that even if it is highly unlikely resident trout could maintain a steelhead population for an extended time, it is not justification for “writing off” their importance.  The presence of resident trout during periods of low marine survival could be critical in helping the steelhead population eventually rebound and maintain long-term viability.

Page 40, 1st full paragraph – I agree with the concern expressed by the BRT that WDFW has focused their census effort on post March 15 spawner observations.  The implied assumption to this approach is that any steelhead that spawns prior to March 15 is: 1) likely a hatchery fish, 2) is likely to be reproductively unsuccessful, and 3) will not interbreed with wild fish and cause an adverse impact.  I have a couple of problems with this.  First, as I have mentioned earlier, even if hatchery and wild fish are temporally separated at spawning, their offspring are not.  I am convinced that the naturally produced offspring of hatchery fish depress the production and survival of wild steelhead offspring.  Essentially a portion of a basin’s steelhead habitat is tied up with offspring of hatchery fish and not available to offspring of wild fish.  Making this worse, studies in Oregon and SW Washington suggest that the smolt to adult survival of naturally produced steelhead with hatchery parents is considerably less than those with wild parents.  Therefore, after “taking away” natural habitat from the native population, these hatchery offspring survive poorly and produce a reduced number of adults.  The issue here is even more basic than conservation; having a high proportion of naturally spawning hatchery steelhead (regardless of when they spawn) effectively turns a watershed into an inefficient system for producing adult steelhead.

Page 42, second full paragraph – I remain very skeptical about the utility of the lambda calculations as providing much useful information for salmon and steelhead.  At best I think it is pretty much another way to express trend patterns.  But I am concerned that the data that go into calculation of lambda is inappropriate to understand how a population will behave when at low abundance.  The lambda approach, as I understand it makes the assumption that the population is depressed and needs to grow.  Looking at most data sets on salmon and steelhead, I don’t think this is what is going on.  Most populations are in some state of loose equilibrium, where variations in environmental conditions drive the changes in abundance from year to year.  This equilibrium may be unacceptably low and place the conservation of the population at risk – however over the long term even a depressed population will have a net growth rate of 1.0 unless there is no equilibrium that can be sustained.  The exception might be heavily fished populations where 50% to 90% of the potential spawners are removed each year. In this case, the population would be trying to rebound back to the equilibrium point and a simple R/S calculation should provide some insight as to its innate growth rate potential.  Unfortunately, as I understand how lambda is calculated, it does not lend its self to this sort of calculation – unless I guess the count for time “n” is spawners and for “n+1” is pre-harvest abundance – although I’m not sure this would even work.  I think the best use for the lambda approach may be for measuring recovery progress, such as the PCC.  If the current abundance is X and the desired recovery abundance is Y and if the desire is to achieve this in say 20 years then a required population growth rate can be calculated.  This may be statistically the best way to know whether progress is being made towards the goal.  More traditional spawner-recruit approaches for tracking progress may lack the statistical power to detect or monitor population response with any confidence.  This is where I think the lambda statistic has the most utility not for assessment of the status of salmonids.

Page 44, 2nd full paragraph – While I can understand why the BRT could decide to bail out on doing a PVA for these populations, it seems to have done this a bit too easily.  The issue of multiple PVA approaches that folks can rarely agree on (everyone has their favorite) does exist I am sure.  However, it seems that running the 3 or 4 of these different approaches (for example as the Oregon coastal coho TRT has done) helps get a sense about the status of the ESU.  Although they will unlikely have exactly the same results, if I were sitting on the BRT trying to decide the status of these steelhead I would at least like to look at some probability of extinction output from PVA models.  It would help inform my assessment.  

Page 45 – Again, the role of resident rainbow may be more significant than this discussion implies.  As noted earlier the significance may be short 1 to 2 year bursts of reproductive support that a rainbow population can provide to a steelhead population going through a period of extremely poor marine survival conditions.  While the potential for resident rainbow to maintain the steelhead population structure is undoubtedly limited as a long-term and continuous strategy, I do think there is potential for resident trout to function in a temporary manner to help bridge steelhead populations through rare, but extreme periods of low marine survival.

Page 46, 2nd paragraph – It occurred to me here, but also elsewhere whether the counts being displayed and analyzed represent data collected only after March 15 or for the entire spawning season from December through May.  This needs to be clarified in the write-up, the tables and figures.  I am concerned that if most of these data are from post March 15 counts then the proportion of naturally spawning hatchery fish in the basin is grossly underestimated.  For reasons I have discussed earlier I think it is a major assessment flaw if the impact of naturally spawning yet temporally separated hatchery fish are not accounted for.  Therefore, when hatchery and wild numbers are presented it needs to clear what the assessment period was.  In addition, where the data are reported as “wild only” it is important state whether this means there were no hatchery fish spawning in the basin, or that it is a simply an artifact of the way the spawning data were collected. 

Page 58, 1st full paragraph – It seems to me calculating gross R/S numbers without respect to spawner density does not generate a very informative metric.  Especially if a large number of these fish are naturally spawning hatchery fish.  The critical question is not the average R/S performance of a population, but rather what is the likely R/S performance when the population is at low spawner abundance (and presumably most vulnerable to extinction).  Spawner-recruit functions (as messy as they are) may shed some light on this question.  However, even “low grading” the R/S data so as to average only those points associated from the lower spawner densities would provide more useful information.  For example, sorting the data set by spawner abundance and then using only those R/S values associated with spawner abundance in the lowest half of the sorted data set. 

Page 60 – Although I have not read their analyses, my tendency is to be more favorable to the assessment approach described by Washington Trout that involved fitting recruitment curves and looking at the residuals.  Granted the data series for these populations are not long and I am sure the fits to the curve are terrible – but it does allow a systematic way to compare the recruitment behavior of different populations and look for ESU trends.  It also allows a way examine the innate reproductive potential of these populations should they be forced into very low abundance.  This latter point is really a critical question and one that the BRT methods as described do not address.  In my view recruitment curve analyses such as these can be used to compliment a status assessment, although should not form its entire basis.  The trend analyses, distribution, and hatchery proportions – are all important considerations as well.  Some of the criticism of the recruitment analyses approach comes across a bit biased.  For example, the claim that using average age structure may generate uncorrectable problems is a bit of a red herring.  The paper cited has been countered by others and it appears that if the data series is long enough the average age problem is not that big of deal.  When the data set is shorter on the other hand, the highly variable nature typical of these data makes the average age problem perhaps the least ones worries in attempting to fit a recruitment curve.   Although the poor fits associated with spawner-recruitment analyses are notorious, at least the results have the potential to provide critical biological insight into population recruitment, productivity, and resistance to population decline at low spawner abundance.  Some of the other methods presented in this document, notably the lambda analyses, do not.
Reviewer 3:
Thank you for the opportunity to comment on the status review update for Puget Sound steelhead.  This well-prepared report assesses the species’ status towards determination of listing under the ESA, and is well-written.  

This status review was thorough and I found little to fault in the writing or analytical techniques.  The review was largely based on the expert opinion of the biological review team, and they are indeed a sound science and well-respected group.  The analysis of risk was based on opinion apparently due to the lack of sufficient empirical data on smolts produced per spawner, smolt-to-spawner survival, and smolts-per-spawner as a function of the number of spawners.  It is the lack of empirical data that seems to limit the review and its veracity.  Data was presented on the numbers of spawners, but I found no explanation for how these values were obtained.  A description of the data collection and population estimation procedures is required, including clear indication of the uncertainties in these estimates.

At least one site provides the data required for trend analysis and stock status, the Snow Creek steelhead studies by the Washington Department of Fish And Game.  The site, within the ESU boundary of Figure 1, offers ~30yr data set on smolt and adult numbers, and has been the subject of numerous research papers relevant to this review (e.g., Ardren and Kapuscinski  2003; Seamons et al. 2004; Bentzen et al. 2001) – these were not referenced.  We had previously noted many similarities in life history and survival between Snow Creek and Keogh River steelhead (Ward and Wightman 1989).  

Current differences and similarities between Snow Creek (and Puget Sound) and Keogh River steelhead survivals and abundance trends, if they exist, may be related to post-smolt migration pathways.  I also suspect that many of the differences and variability in the steelhead abundance presented in the status review could be related to migration pathways.  Substantial differences in smolt-to-adult survival may result from a Juan De Fuca Strait versus Georgia Strait migration route by smolts.  Recent results from the POST project are beginning to expose these differences (Ward et al. 2006 in press; Welch et al. 2004; see also http://www.postcoml.org/science/publications.htm). 

 There is need for more thorough monitoring of stock status and abundance through collection of smolt and adult data at fish fences.  In the introduction, it is stated that a variety of information should be considered in considering the significance of population extinction, including “size, fecundity, migration patterns, and age and time of spawning”.  (Only average ages were tabled from out-dated literature– the trait is highly variable).  None of this data was sufficiently presented, nor was there well-described data on absolute abundance, spatial and temporal distribution and trends, current abundance in relation to historical trends, survival trends, and carrying capacity provided and well defined.  In B.C., we base stock status on limit reference points derived from carrying capacity estimates (Johnston et al. 2000, 2002).  While the best scientific information available may have been utilized, there remains a need to collect better information than what seems to have been available here, and it should be presented with a clear description of how it was obtained.  Abundance records in the review were largely based on catch records, as best I could determine, and there may be many biases in those results.  There was reference (page 32) to Light (1987) regarding calculation of adult estimates, but this reference was not listed.  Regardless, more detail on the derivation of adult numbers should be presented here.  Despite this weakness, I cannot disagree with the conclusions, if the numbers in the figures reflect abundance.  Are there redd counts or snorkel surveys or other means to calibrate these estimates?  

In steelhead, it is critical to separate the freshwater and marine life stages in the analysis of stock status and trends.  In doing so, we have found distinct regimes of production (Ward et al. 2006 in press; Smith et al. 2000; Welch et al. 2000; Ward 2000).  Thus, recent events and ocean conditions may be the key factor in ESU viability (contrary to the conclusions on page 64), yet we also have observed a decline freshwater productivity associated, we suspect, with increased drought periods and the increase in the intensity and frequency of fall and winter storm events.  Is this the early signature of climate change or PDO, and/or El Nino, or all of the above?  If indeed climate is changing, as most scientists agree, what of the fate of Puget Sound steelhead?  Comment in this is warranted in the review.  Or can we expect improved ocean conditions and a rebound in steelhead abundance?  Smolt-to-adult survival rates were only slightly improved based on this year’s returns at Keogh.  A return to the survival rates observed in the mid-1980s seems unlikely.  Trend data should be tabled and analyzed in relation to these regimes of climate and productivity.

Several times, there was the mention of negative impact of hatchery fish on wild, and that hatchery fish have apparently made no contribution to wild adult returns. I suspect this is largely speculation, albeit accurate in my view.  Hatchery releases have recently increased while fishery impacts were reduced, yet productivity declined.  We have observed the same at Keogh (Ward et al. 2006 in press).

Cutthroat hybridization may be emerging as a significant issue in steelhead abundance and in relation to cutthroat and steelhead hatchery releases.  A threat to ESU diversity may be associated with hybrid swarms and a propensity to reduce the fitness of wild populations where hybridization is increased as a result of fish stocking (Marshall et al. 2004; Ostberg and Rodriguez 2002; Young et al. 2001).  A review of this issue within the Puget Sound ESU may be warranted.  It is not likely a key factor, but may pose a threat in some areas,

In summary, this status review provides an assessment of the status of Puget Sound with methods that cannot be faulted other than in the provision of empirical data and description of data collection methods.  Steelhead information from Snow Creek should be added.  Where fence data such as that at Snow Creek is unavailable, serious consideration should be given to commencing its collection at appropriate index sites.

I hope my comments are beneficial to your task and to the future of steelhead management in Puget Sound.
Reviewer 4:
Summary: This is a very thorough review of the available information on the status of Puget Sound steelhead. The Biological Review Team found evidence of widespread declines in abundance and productivity of the ESU components. They noted large risks from the widespread outplanting of genetically homogeneous domesticated hatchery stocks. They determined that resident O. mykiss contributed little to the viability of the ESU. I find the evidence presented to convincingly support the conclusion of the Biological Review Team that this ESU is likely to become at risk of extinction in the near future.

Discussion: 

ESU determination

ESU boundaries.- This ESU has some significant heterogeneity: anadromous and resident fish, summer- and winter-run fish, and significant genetic differences among populations. The boundary definitions seem consistent with the amount of lumping practiced elsewhere by NOAA. However, protection of these sub-components of the ESU is important.

Hatchery fish.- The BRT found that the vast majority of hatchery-produced fish differed substantially from wild fish due to non-local origins and/or domestication. Outbreeding depression and negative ecological interactions were likely, especially given the magnitude of the hatchery programs. These effects would be difficult to detect, and the outbreeding depression was likely to increase over time. These conclusions seem reasonable.

Resident fish.- The BRT conclude that resident O. mykiss were unlikely to contribute substantially to the viability of the ESU because populations were small below migratory barriers, this life history form was unlikely to maintain connections to other populations, and that the anadromous life history was an important component of the ESU’s diversity and viability. These conclusions seem reasonable.

Risk Assessment

A two-stage method was employed. In the first stage, individual populations were assessed based on abundance, growth rate/productivity, spatial structure, and diversity. Each member of the BRT assigned a risk score to each population for each of the four viability components. 

In the second stage, the ESU as a whole was assessed by considering the number of viable populations, their geographic distribution, and their connectivity. Each member of the BRT determined an overall status of the ESU based on ESA definitions. The confidence in each member’s determination was assessed by allowing them to allocate 10 points among possible ESU statuses.

This seems a sensible method for obtaining an overall risk score in the face of diverse types of information.

Habitat.- The weakest part of this status review was its treatment of the effects of habitat. The condition of the habitat is probably the most important determinant of the viability of these, or any, salmon populations. The section “Habitat Conditions” gives a listing of the major blockages by dams. There is only a single paragraph on the effects of other habitat alterations such as urbanization, agriculture, diking and ditching, loss of side channels, etc. There is no assessment of the amount of habitat lost, nor of historical and future trends in habitat quantity and quality.

Despite its importance, the methods used for evaluating population status did not explicitly consider the condition of the habitat nor any trends in habitat. All were based primarily on population abundance and trends, and spatial distribution. Data on habitat condition and habitat trends would be a valuable supplement to these population data. If the available habitat has been steadily degraded, the downward trend in the ESU components is readily explained. If not, then alternative explanations such as harvest, hatchery programs, or climatic regimes need to be explored.

� Distinct Population Segment, as described under the ESA and defined in the joint policy with the U.S. Fish and Wildlife Service (61 FR 4722-4755; February 7, 1996).  Previously, NOAA Fisheries Service defined distinct population segments (DPSs) for steelhead as Evolutionarily Significant Units (ESUs), and the BRT’s Status Review and reviewers’ comments use the ESU designation.  The geographic boundaries of the Puget Sound DPS and Puget Sound ESU for steelhead are identical, although the former formally excludes—for the purpose of assessing status—non-anadromous rainbow trout in response to a joint policy decision by NOAA Fisheries Service and the U.S. Fish and Wildlife Service (70 FR 67130-67134; November 4, 2005).





