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Peer Review #1 TC "Peer Review 1" \f C \l "2" 
Review of the draft

“Summary of Scientific Conclusions of the Review of the Status of Eulachon

(Thaleichthys pacificus) in Washington, Oregon, and California"

Data Quality and the Appropriateness of the Analyses and the Scope of the

Assessment

In accordance with the instructions provided to me as a reviewer of the draft Endangered Species Act (ESA) status review of eulachon, my assessment of the scientific validity of the status review will focus in particular, but not necessarily be limited to: (1) the quality of the data collected or used for the assessment; (2) the appropriateness of the analyses; (3) the validity of the results and conclusions derived therefrom; and (4) the appropriateness of the scope of the assessment.
Regard the first of these four points of evaluation, it is my opinion that the best available data on eulachon spawning from California north to Alaska have been detailed and analyzed as part of the review. Although noting the lack of data and monitoring programmes on many rivers, I was impressed by the geographical extent of information on gene flow, spawning and number of populations for which size-at-age data are available. Other relevant information included metrics of abundance generated from fisheries-independent surveys (e.g., as bycatch in shrimp biomass assessments in British Columbia) and various forms of landings data which, although uncertain in the degree to which they reflect abundance trends over short time frames, are certainly consistent with the conclusion that eulachon have declined dramatically through the latter part of the 20th Century and the early part of the 21st Century. In my opinion, the Biological Review Team (BRT) has made appropriate and exhaustive use of the best available scientific data that bear upon the questions at hand.
Regarding the analyses, those undertaken as part of the review were appropriate and very comprehensive. Among other things, they involved stock comparisons of life-history (size and age) and growth information, data on spawn timing and location, and estimates of genetic interchange among putative groups (based on mitochondrial and microsatellite DNA data). Conclusions regarding discreteness and significance of are well-considered and scientifically defensible. The risk matrix approach used to assess extinction risk has considerable precedence and represents a defensible means of providing advice in this regard.
Issues Pertaining to Distinctiveness and Significance of Eulachon

The first issue faced by the BRT is a consideration of the degree to which the Canada-US international boundary represents a biologically defensible northern boundary for the DPS. I agree entirely with the BRT's decision to emphasize the importance of biological, rather than politically determined, information in delineating DPS boundaries. Thus, consideration of eulachon in British Columbia constitutes a necessary component to the status review.
Based on a variety of data (including genetic information, life history data, spawning information, ecozone/ecoregion considerations, oceanic biogeographical boundaries for other species, such as rockfishes), the BRT has concluded that: (a) there are multiple discrete populations of eulachon throughout the species range; (b) that the eulachon under consideration representation a DPS extending from California north to the Nass River, BC; and (c) that this Southern Eulachon DPS is significant, in accordance with criteria 1, 2, and 4 for evaluating "significance".
I agree with the BRT that the proposed DPS is discrete and significant and that its northern boundary is most defensibly delineated by Nass River, British Columbia.
Assessment of Threats and Risk of Extinction

The BRT has appropriately weighed the various degrees to which age and size at maturity and fecundity can influence rate of population recovery. They note correctly (in my opinion) the high probability that eulachon require comparatively high minimum viable population sizes to persist throughout the DPS. The team has identified ocean climate change as the primary threat to eulachon, noting that mortality attributable to bycatch and changes to freshwater habitat continue to pose significant threats as well. Importantly, the BRT has concluded that eulachon face numerous threats throughout every stage of their life cycle.
To assess extinction risk, the BRT used a risk matrix approach that utilizes and summarizes the professional judgments of the members of the BRT. The approach is one that has been used previously and one that is not unreasonable when assessing extinction risk.
Based on the best available information, the BRT noted that: (1) many of the populations within the Southern Eulachon DPS are likely to be at extremely low abundance relative to historical levels; (2) two of the largest populations (Fraser and Columbia Rivers, comprising much of the numerical bulk of the DPS) are at very low levels; (3) there is evidence that climate change is leading to relatively rapid changes in both oceanic and freshwater conditions that eulachon are unable to tolerate; and (4) semelparity constitutes a life-history strategy that provides a comparatively poor buffer to environmental fluctuations (i.e., it is not a bet-hedging strategy). The considerable concerns expressed by the BRT were moderately assuaged by the opinion that the Columbia River stock appeared to respond rapidly to favourable ocean conditions in the 1999-2002 period.
All in all, give then concerns expressed by the BRT, I was somewhat surprised by the conclusion that the DPS is at moderate, rather than high, risk of extinction. To be fair, the moderate category received 60% of available points while that for the high risk category received 32% of available points. (Thus, in any event, the DPS cannot be considered to be not at risk.) Nonetheless, I might have expected a greater percentage of the available points to have been in the high risk category.
On a related point, I wonder if the following clarification would be useful when communicating the advice from the BRT.
That is, the BRT has concluded that the DPS is at moderate risk of extinction throughout all of its range. As such, it is not officially required to respond to the question as to whether the DPS "is at moderate or high risk throughout a significant part of its range". However, although not stated explicitly, the conclusion I would draw from the report is that the BRT considers the DPS to be at high risk of extinction in a significant part of its range. Or does it? Either way, some clarification in this regard would be helpful. In other words, the finding of moderate risk throughout the DPS's range does not provide information to decision makers on the spatial variability in risk within the DPS's range.  

Although one can draw some conclusions as to what the BRT's opinion might be in this regard, an explicit statement as to whether the BRT considers the Southern Eulachon DPS to be at high risk of extinction in a significant part of its range would be useful. 

Summary

In summary, I believe that the BRT has done an excellent job in collating, analyzing, and interpreting the available data on eulachon. In particular, the report does an excellent job in presenting the strengths and weaknesses associated with alternative spatial boundaries for putative eulachon DPSs. On balance, I agree with the majority opinion of the BRT that the most scientifically defensible northern boundary of the Southern Eulachon DPS is the Nass River, BC. The threats assessment is a scientifically defensible one that details factors that threaten the persistence of the DPS. The overwhelming opinion of the BRT is that the Southern Eulachon DPS is, at a minimum, at moderate risk of extinction. Although perhaps not stated explicitly, one can also draw the conclusion that risks of extinction within parts of the range (and arguably within a significant part of the range) of the DPS are much higher than they are in others.
Minor Changes to Text:
1. Delete "is" in first sentence following "Age Composition" subheading on page 16.  
2. Figure 4: Twentymile River is not indicated on any of figures 1. Perhaps it should be.

Peer Review #2

Review:   “Summary of Scientific Conclusions of the Review of the Status of Eulachon Thaleichthys pacificus) in Washington, Oregon, and California” a report prepared by the National Marine Fisheries Service’s (NMFS) Biological Review Team (BRT) on the status of eulachon in Washington, Oregon, and California under the U.S. Endangered Species Act (ESA).

The thoroughness of the literature review is impressive and the report is well written and clearly presented.  The report assembles a lot of information that was previously not available or accessible.  The report considers nearly all aspects of the biology and life history of eulachon in the Columbia River and other systems.  All facets of life history, historical use, habitat, commercial fisheries and traditional uses are described. The report will make a substantial contribution to the understanding of eulachon biology, stock structure and history.  The BRT should be complimented on their efforts.  

The following comments focus on two topics: (1) the completeness and relative amount of information about eulachons in marine waters and (2) the criteria used to define Distinct Population Segments (DPSs) for eulachons and (3) a brief conclusion.

1.  Marine information

One surprise is that the report does not bring much information forward on eulachon abundances in marine waters offshore of Washington, Oregon or California.  This is important because eulachons spend over 95 percent of their lives in the sea: they are a marine species that spawns in fresh water.  Therefore, when attempting to understand the reasons for declining eulachon abundance in rivers, it is reasonable to look for changes both in the marine and freshwater environments for potential explanations.  The BRT recognized the importance of the marine environment because in Table 13 they listed “climate change impacts on ocean conditions” as the most severe threat to eulachons followed by ‘by-catch’ which also is an event occurring mainly in the marine environment.

There is some information from the marine environment (bycatch in Alaska) shown in Fig. 17, as well as some Canadian data of areas offshore of British Columbia.  Still, it is puzzling that there are no data available for other areas.  Did the BRT examine all available databases?  Among the types of databases that might include mention of eulachons in marine areas are: (i) research and commercial trawl catch data; (ii) plankton or ichthyoplankton data from research cruises; (iii) stomach content data, especially from bottom fish such as gadoids.  Perhaps the reason for the relative scarcity of marine information (off the states of Washington, Oregon and California) is that such information does not exist or is not available.  If so, this point might be made clear in the report, because as presented, the absence appears to be a possible oversight.  This seems like a deficiency in a report that is otherwise superb in its thoroughness. 

2.  Distinct population segments

2(a). Commentary on using political boundaries for defining a DPS

The rationale for the present configuration of DPS, following from the petitioner, includes reference to the international boundary and reference to different approaches to management within the US and Canadian jurisdictions as follows (comments copied from the report are shown in Italics). 

“The petitioner concluded that the available genetic, meristic, and life-history information is inconclusive regarding the discreteness of eulachon populations. However, the petitioner argued that under the DPS policy eulachon populations in Washington, Oregon, and California are collectively “discrete” from more northerly populations because they are delimited by an international governmental boundary (i.e., the U.S.-Canada border between Washington and British Columbia) across which there is a significant difference in exploitation control, habitat management, or conservation status. The petitioner noted that the U.S. and Canada differ in their regulatory control of commercial, recreational and tribal eulachon harvest, and also differ in their management of eulachon habitat. The petitioner concluded that there is no assurance that the U.S. and Canada will coordinate management and regulatory efforts sufficiently to conserve eulachon and their habitat, and thus the DPS should be delineated at the border between Washington and British Columbia.”

There are indeed differences in the management on each side of the international border.  The main procedural difference is that all marine species in Canada are under the jurisdiction of the federal government of Canada and this has a number of implications for coordination between management actions.  Regardless, there also are some similarities in recent management actions. For instance, in the Fraser River, like the Columbia River, Canadian initiatives have restricted or suspended all fisheries (traditional First Nations, recreational and commercial) for eulachons.  The commercial fishery on the Fraser River has been suspended in recent years.  Unlike the US there also have been efforts to limit bycatch of eulachons in marine waters by imposing ceilings on maximal bycatch that, once reached, results in a closure of the shrimp fishery.  Also a developing shrimp fishery in the central coast area (Queen Charlotte Sound) has been closed for more than a decade because of concerns about eulachon bycatch in that area.  Further, the shrimp industry, with the cooperation of Fisheries and Oceans Canada, has implemented a policy that requires that ‘bycatch reduction devices’ (BRTs) be mandatory.  (Note: From cursory analysis of observer data there is evidence that BRTs reduce eulachon bycatch but provide no assurance that that the eulachons that were entrained in nets and subsequently escape thought a BRT, escape injury or death.   Therefore the effectiveness of BRTs at reducing eulachon mortality remains uncertain and warrants future research.)

These comments on respective differences in jurisdiction and management between the US and Canadian agencies aside, it is likely that the basic management approach to eulachons would result in similar controls: specifically to limit the catch of eulachons both in freshwater and marine areas, and to conserve and protect spawning and nursery habitats as much as possible.  

Therefore the delineation of DPSs on the basis of political boundaries is probably mistaken, both on biological and operational grounds.

2(b).  Distinct population segments: a commentary on the proposed scenario

The BRT evaluated six scenarios as possible DPSs:  

“1) The entire biological species is the “ESA species” (i.e., there is no apparent DPS structure) 

2) One DPS inclusive of eulachon in Southeast Alaska to Northern California 

3) One DPS south of the Nass River / Dixon Entrance 

4) One DPS inclusive of eulachon in the Fraser River to California 

5) One DPS south of the Fraser River (i.e., one DPS in Washington, Oregon, and California) 

6) Multiple DPSs of eulachon in Washington, Oregon, and California”

It is not clear why there were only six scenarios when many more might have been proposed.  One scenario, conspicuous by its absence, is that each major river system represents a DPS.  Therefore it is puzzling that the BRT did not consider the option that the Columbia River was a DPS.  Further, the scenario that each major river system represents a DPS would be consistent with the available genetic evidence that there is a degree of reproductive isolation among major river systems.  Such a system would have an approximate conceptual model of a river-based or stream-based salmon (Oncorhynchus) stock structure as a precedent. Clearly, eulachons are not salmon (although they are taxonomically related) but the available genetic evidence indicates that the spatial structure of eulachon populations is between that of Pacific herring (Clupea pallasi), with relatively low spatial variation, and Pacific salmon, with relatively high spatial differentiation. Perhaps the best reason to consider the Columbia River (and other major rivers) as a DPS is that a ‘one river-one DPS’ scenario would be the most precautionary approach to assume in the absence of further genetic data.  

There appears to be some inconsistency in the report about the designation of DPSs.  The report identifies a “southern DPS” and states that “eulachon from Washington, Oregon, and California are part of a DPS that extends beyond the conterminous United States and that the northern boundary of the DPS occurs in northern British Columbia south of the Nass River (most likely) or in Southern British Columbia north of the Fraser River (less likely). “  However, the report acknowledges “the possibility that significant stock structuring does exist within this region and that a finer DPS structure might be revealed by further information on the behavior, ecology, and genetic population structure of eulachon. The BRT also recognized that the DPS that includes eulachon from California, Oregon, and Washington may represent fish that are uniquely adapted to survive at the southern end of the species’ range.”  

Therefore, it is difficult to reconcile the conclusion of the BRT that there is one major DPS with the assertion that the BRT also acknowledges that finer population structure may exist.  In fact, there is compelling evidence, based on the available genetic information and striking differences in spawning times, that finer structure does exist between the Fraser and Columbia rivers.  For instance the earliest spawning in the Pacific coast is in the Columbia River (January- March) whereas the Fraser River is the latest in BC (April-May).  This difference in spawning time is consistent with the significant genetic differences between the rivers (Beacham et al. 2005).  This comment should not be construed to mean that the existing genetic data are complete and definitive – on the contrary, the brief pattern of genetic work on eulachons indicates that the genetic differences appear to expand in concert with the scope of the analyses used to examine them (Beacham et al. 2005, McLean et al. 1999, McLean and Taylor 2001).   

2(c).  The biological basis for an eulachon DPS

Understanding of the genetic structure of eulachons is fundamental to the issue of resolving questions about population structure and the DPSs. It is worth noting that Beacham et al (2005) report significant differences in genetic composition between a sample taken in the Cowlitz River and one taken in the mainstem of the Columbia. Some of the genetic analyses conducted by Beacham et al (2005) used the same material from the same samples used by McLean et al (1999).  Based on studies of the early life history of eulachons (McCarter and Hay 1999) such a difference (between the Columbia mainstem and Cowlitz) would be unexpected for the following reasons.  A genetic difference between the Cowlitz and Columbia would require a relatively precise degree of natal homing of spawning eulachons. Natal homing requires imprinting to some form of unique features of a particular spawning area so eulachon larvae from the Cowlitz and Columbia would probably mix very soon after hatching.  Once hatched, eulachon larvae are quickly flushed downstream with river currents so chemical imprinting to hatch areas would need to occur very rapidly – almost instantaneously, unless they were able to imprint as embryos within the pre-hatched egg capsule.  Such imprinting at the egg stage is unlikely because egg capsules of most fish species are thought to be impermeable to most substances except dissolved gases. Therefore, like most salmonids, imprinting would need to occur in a post-hatch stage but, unlike many salmonids that have a relatively long post-hatch residence period as alevins in submerged gravel, most newly-hatched eulachon larvae are in the water column and moving rapidly.  Therefore it seems improbable that eulachon larvae (or incubating eggs) could imprint to exact natal spawning sites.  On the other hand, if there are genetic differences among major rivers (i.e. Columbia, Fraser or others) then these genetic differences must be maintained by some form of reproductive isolation among major rivers.  For an anadromous species like eulachons, this would require that imprinting must occur at some early life stage – while they are still under the chemical influence of their natal rivers.   McCarter and Hay (1999) suggest that imprinting could occur during the larval stages or early juvenile stages  while eulachons are still resident in estuaries.   In some northern BC fjords, eulachon larvae may reside within the areas for weeks or even a few months, perhaps relying on estuarine circulation to maintain their residence within the estuary.  Such a residence period may be adequate to allow imprinting to occur.  If so, the biological and genetic basis for a population would be an estuary,  perhaps formed by the confluence of a number of rivers.  

Another issue for multiple DPSs within the Columbia River system is that each of the components would require spawning each year.  To be sustainable, a DPS for a short-lived semelparous species such as eulachon, would require spawning in the same place every year but this does not appear to happen. A review of commercial catch records, however, indicates that the centers of spawning activity changes among years (see Table 2 of the report).   In many years the Cowlitz appears to be the main spawning site but in others (i.e. 1950, 1951, 1999, 2000) there was no commercial catch from the Cowlitz.  

2(d).  A recommendation and rationale for further genetic research

Although the preceding paragraphs explain why and how the estuary may be a better geographical unit than a river for definition of a DPS, this explanation does not account for the apparent genetic difference observed between the Cowlitz and mainstem of the Columbia (Beacham et al 2005).  Research using traditional meristic analyses by DeLacy and Batts (1963) could not detect any consistent differences among samples taken within the Columbia River system.  At the present time there is no explanation for the puzzling results of the genetic analysis except that (1) the genetic difference arose by chance or (2) that there was an error in labeling the origin samples either prior to, or during the laboratory analysis or (3) the samples represent a real genetic difference. If the Cowlitz River supports a unique DPS then all explanations to the contrary (the preceding two paragraphs plus the main conclusion of the report under review) are incorrect.  Clearly some additional genetic analyses focusing on examination of potential differences within the Columbia River system would be very revealing.  This issue could be resolved with a relatively small research effort.  If further work found no genetic differences then the minimal DPS unit would be the Columbia River, including all its tributaries (the probable outcome).  On the other hand, if further work found consistent genetic differences within the Columbia system, then it would be clear that eulachon population structure is more complex than is presently believed.  The implications for the definition in the report (i.e. one broad DPS for the southern range of the species) would be inadequate.

3.  Conclusion

The comments above notwithstanding, this is an excellent report.  The specific recommendation about the geographic scenario for the configuration of the DPS, while important, is not presented as an inevitable conclusion from the information presented in the report. Therefore while some readers may not concur about the definition of the DPS, this should not be seen as a rejection of the report which, overall, is excellent. 
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Peer Review #3

I have given a rather rapid reading to the draft report “Summary of scientific conclusions of the review of the status of eulachon in Washington, Oregon, and California. It is an excellent review of the literature. I agree with the document’s conclusion that the southern DPS of eulachon, as defined in the report, is at moderate risk of extinction throughout its range. I think the evidence for California, however, suggests that eulachon here are on the verge of extinction and the possibility exists that the Klamath River population (and associated populations to the south) is/was distinct. I attach the analysis that Rebecca Quinones and I have just completed, under contract to the California Department of Fish and Game, to update the Fish Species of Special Concern for California report, which shows our reasoning. This account is still a draft that has not been peer-reviewed or approved by CDFG, so I would be grateful if it would be treated as such. Comments, of course, would be welcome.

[The above mentioned draft document attached to this memorandum].
Peer Review #4

Peer review of the Endangered Species Act status review of Eulachon (Thaleichthys pacificus), in Washington, Oregon, and California

The purpose of this review was to assess the “scientific validity of the status review, including any assumptions, methods, results and conclusions”.  Specific aspects of the review to consider included “quality of the data collected or used for the assessment, appropriateness of the analyses, validity of the results and conclusions, and appropriateness of the scope of the assessment”.

General Comments

1) Scope

The status review is very thorough.  Data quality and quantity is a concern, as eulachon are not well-monitored.  There is no widespread monitoring of this species across its range.  Existing time series of eulachon abundance in individual river systems are usually short, to extend into the present, or have gaps over the series. 

It is obvious that a great deal of effort was expended to gather whatever information may exist. However, it appears that whenever possible, published scientific studies or unpublished data concerning eulachon dynamics have been incorporated into the status review.  Most of the technical information and analyses presented in the review were drawn from peer-reviewed, published papers and reports.  As a result, I have concentrated my review on the synthesis and interpretation of these studies as presented in the eulachon status review.

The Biological Review Team (BRT) should be commended for augmenting scientific and technical data with a wide canvassing of historical “anecdotal” records (e.g. old newspaper reports) and aboriginal traditional knowledge.  These data sources were important in filling out the gaps in scientific data, and were influential in developing a qualitative “weight of evidence” of eulachon status.  In conclusion it appears that the BRT has based its conclusions on the best available information.

2) Discrete Population Segments (DPS)

I agree with the BRT in their conclusion that variation in the type and resolution of available information among populations precludes rigorous (quantitative) estimation of extinction risk.  Rather, the BRT adopted a qualitative, “risk matrix” approach developed by FEMAT, in which the expert opinions of BRT members were integrated and summarized.  This approach (the “likelihood point method”) has been used in previous ESA status reviews, and is an accepted method for integrating disparate types of information and expert opinion.  The BRT’s conclusion that multiple discrete populations of eulachon exist appears well supported by the available evidence.  Designation of a DPS encompassing all areas south of the Nass River / Dixon Entrance (the “Southern Eulachon DPS) is strongly supported by the available population genetic evidence and a well-known biogeographical boundary (transition zone) near the Dixon River entrance.  In summary, the DPS proposed by the BRT appears to be the most strongly supported by the weight of available evidence, although other configurations of DPS(s) cannot be ruled out.

3) Threats

The review included 16 potential threats to the species for evaluation. Each threat was scored on a qualitative, ordinal scale, wherein severity of risk was ranked from very low to very high.  Ranking was undertaken at the level of population subareas. Identification of threats is relatively simple, and the list formed by the BRT is based on thorough review of available information. 

4) Status – Extinction vulnerability

Evaluation of vulnerability to extinction (risk) was based on an exhaustive, river-by-river compilation and interpretation of historical and recent data.  The effort undertaken to compile these data is obvious, and the BRT should be commended.  The BRT again used the likelihood point method to summarize expert opinion concerning extinction risk.  Most of the available information indicates that the Southern Eulachon DPS has experienced an abrupt decline in abundance throughout its range.  In particular: two large spawning populations – in the Columbia and Fraser Rivers – have both declined to what appear to be historically low levels; eulachon in Northern California experienced an abrupt decline several decades ago; rivers in British Columbia that are known to have supported significant First Nations fisheries in the past have resulted in very low estimates of spawning stock.

The BRT concluded that the Southern Eulachon DPS is at “moderate risk’ of extinction throughout all of its range.  This conclusion appears to be strongly supported by the available information, which indicates severe declines in abundance and historically low population levels throughout most of the species range.

Specific Comments

1) Bottom page 46. (typo) Sentence “Fishing restriction were instituted in 1995, so the low catches after than time are in part…”

Should read:

“Fishing restrictions were instituted in 1995, so the low catches after that time are in part…”

2) Page 47, fourth paragraph. (misplaced comma) Sentence “The Columbia River eulachon fishery operated as a level one test fishery in 2001; began as a level two fishery, in 2002 switching…”

Should read:

“The Columbia River eulachon fishery operated as a level one test fishery in 2001; began as a level two fishery in 2002, switching…”

3) Page 50, fourth paragraph. Sentence: “Eulachon abundance can be inflated when they form dense schools, which can lead to an overestimate of abundance.”

Do you mean catchability here, rather than abundance?

4) Page 52, first paragraph. Sentence “Berry and Jacob (1998) also reported that there was a spawn in the Kingcome River…”

Should this read as “spawning event”, or “spawning wave”?
5) Page 57, first line.  Sentence “Berry and Jacob (1998) also reported that there was a spawn in the Kingcome River.”

 
- exact sentence also occurs in Kitimat River Section on page 56.

6) Page 61, last paragraph. Sentence “The BRT noted that variable year-class strength in marine fishes with pelagic larvae is dependent on survival of larvae prior to recruitment…”

– Recruitment to which life stage?  Post metamorphosis, juveniles, adults?

Peer Review #5

Re: Review of “Summary of scientific conclusions of the review of the status of Eulachon (Thaleichthys pacificus) in Washington, Oregon, and California.”

Thank you for the opportunity to review this prodigious document. What a gigantic task you have faced! Because it seems to me that you have been very thorough, I do not have many comments.

First, two very minor ones:

Page 14 para 2 line 3: There is no Willson et al. 1986 in the Lit Cited. You probably mean ‘2006’.

Page 19 para 1 next to last sentence: ? insert ‘than’ after ‘north’?

Other items:

Page 30 Item 3 in Scenario 4: Here you argue that the pattern is found in many other vertebrate poikilotherms, so you tended to discount this evidence. However, in other places in the document, you seem to use parallels found in other fishes to support your findings. I found this somewhat contradictory, so perhaps a little more explanation would be useful.

Page 41 para 4: I agree that the smaller, seemingly more occasional runs need much more attention. My earlier discussions with Oregon fisheries biologists certainly suggested more, possibly small, runs in Oregon than you list here.

Tables 10-13. I am troubled by the statement that an opinion of ‘not applicable’ for a particular threat criterion was rated the same as ‘unknown’ (i.e., equivalent to not voting on that criterion). If a factor is not applicable to a given river system, then it seems to me that this would mean a rating of ‘1’; (low threat)—or even better a ‘zero’ (if that were possible). I have to wonder if this would change the rankings of factors in these lists.

It is a sorry fact that this important forage fish has been so inadequately studied with scientific rigor. You have done the best you could, I expect, given the deficiencies in basic information. I would hope that the future would bring much more scientific work on this important forage fish, which is used by so many other species, often at critical times of year. The complete story will be one of not just a single species, but an ecosystem. 
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