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Peer review report for

Green sturgeon critical habitat designation:  

Biological Report
A draft biological report was prepared in support of the proposed rule to designate critical habitat for the Southern Distinct Population Segment of North American green sturgeon under section 4 of the Endangered Species Act (ESA).  The draft biological report was reviewed by three peer reviewers in August - September 2008:  Dan Erickson, Josh Israel, and Joel Van Eenennaam.  These three peer reviewers are sturgeon biologists with several years of experience conducting research on green sturgeon spawning, rearing, genetics, and tagging and monitoring studies, and are considered experts in their field.  Comments provided by the peer reviewers and by the public were considered in the final biological evaluation and final green sturgeon critical habitat designation.  The comments submitted by each peer reviewer are attached in the following pages.  Responses to peer review comments and public comments will be provided in the final green sturgeon critical habitat designation rule, due to be published in the Federal Register in October 2009. 
Review by Dan Erickson, Oregon Department of Fish and Wildlife

Received September 3, 2008

Note:  Peer reviewer comments by Dan Erickson were inserted as track changes and comments in the draft biological report.  The comments are summarized here.  A copy of the biological report with the track changes and comments inserted is available upon request from NMFS Southwest Region, Long Beach Area Office. 

Green sturgeon are among the most marine oriented of the Acipenserid sturgeons.  Atlantic sturgeon (Acipenser oxyrinchus oxyrinchus) are very similar to green sturgeon in making long marine migrations.  

Green sturgeon presence:  Confirmed or Likely – suggest using another term for “likely”.

Winchester Bay:  Unpublished tagging data (part of a larger data set that can be referred to as Lindley and Moser et al., see “additional reference” below) indicate Winchester Bay is important for SDPS and NDPS fish.  Large concentrations of NDPS, with some SDPS, occur from April through October.  Significant aggregations of green sturgeon from all spawning populations also occur in Winchester Bay during spring, summer, and fall months (Lindley and Moser et al., unpublished data).  Tagged green sturgeon were detected from the mouth to RM 14.7, but not at the receiver at RM 19.9 or at the receivers upstream of this (Erickson, unpublished data – not specified if NDPS or SDPS).  Check if SDPS fish were detected in 2006 only (in Charleston Bay) or also in 2005.  

Rogue River:  Unpublished data (Erickson and Lindley et al, unpublished data) from monitoring of tagged green sturgeon over 7 years indicate the earliest fish to return to Rogue River did so in late February.  Fish entering the Rogue River peaked in April, with significant numbers entering in March and May (Erickson and Lindley et al, unpublished data).  Fish were ripe in March – June, with a peak in April (Erickson and Webb, 2007).  No fish spawned in the Rogue River in July – water temperatures are very high.  Average monthly water temperatures during the spawning season (April – June) in the Rogue River ranged from 10.3 to 19.1°C, whereas average monthly temperatures ranged from 8.3 to 22.8°C while green sturgeon were present (Erickson and Webb, 2007).  

Alsea River:  One NDPS fish tagged in the Klamath in 2003 was detected on 06/06/2006 (one day).  Data from Dr. Jim Powers, EPA, Newport, OR. 

Yaquina Bay:  One SDPS fish tagged in Sacramento in 2005 was detected in Yaquina Bay on 05/05/2006 (one day).  These data were provided by Dr. Jim Powers, EPA, Newport, OR. 

Spawning in deep holding pools:  I don’t believe deep holding pools are spawning sites, unless they are spawning at a point where the water dumps into the head of the pool, there is cobble-boulder, and water is moving.  Moderate to deep turbulent/eddying water, such as at the base of a riffle/rapid entering a pool, may represent spawning sites.   These sites have exposed rock (cobble to boulders).  Behavior data suggest that spawning sites are at the base of riffles/rapids, where depths immediately increases from shallow to 5-10 m.  The flow in these areas was boil - mixing.  Bottom type was cobble to boulder.  Belchik (Yurok) has a verified spawning sites by picking up eggs in D-rings.  His data (or personal communication) should be used to describe spawning sites.

Comments on PCEs:  

Feeding in freshwater:  It is speculative whether adults feed in freshwater during summer months.  Subadults are a different story, although there is no stomach contents evidence for Rogue River.  For adults, I had no evidence that they fed while in freshwater (post spawning) in the Rogue River.  I never observed a full stomach for green sturgeon when conducting surgeries, but did find full stomachs for white sturgeon, suggesting green sturgeon do not feed in the river in warm summer months.  

One other bit of speculation; you cannot catch green sturgeon in the Rogue river (hook in mouth) during warm summer months.  They become active within the pools beginning mid-September and October, when water temperatures drop.  This is the only period when green sturgeon are readily caught by hook and line (in the mouth) using bait.  I believe they begin feeding at this time, before making their run out of the system.  This is also pure speculation though, with no evidence.  Ruth Farr (ODFW) looked at stomach samples of a few green sturgeon that died during their first year of gill netting in the Rogue River.  I believe they show empty stomachs, except for green algae/plant.  You could cite their report to also show no evidence of feeding in the river (during summer months).

Spawning substrates:  Our telemetry work suggests green sturgeon do not spawn over sand, but over cobble and boulder.  The Yuroks have egg-collection data and underwater video of possible spawning.  Migratory behavior also suggests spawning over cobble to boulder (Erickson, unpublished data; add citations for Belchik, Brown, and Yurok information).  

Water flow:  What about maintaining water temperature at optimal levels at the end of the spawning season?  The Corps of Engineers adjust flows for salmon management, but their timing could be detrimental for sturgeons.  

Depths:  Possibly for feeding and energy conservation, though this is speculation.  Definitely not refuge from high water temperatures.  My ultimate speculation is this is an evolutionary response to avoid predators (e.g., sea lions). 

Red Bluff Diversion Dam:  Any idea what the passage rate is at the RBDD?  Was the bottom type over which the eggs were found (Poytress, pers. comm.) described? 

Additional references:  

Erickson, D.L., S.T. Lindley, E. Mora, J. Weber, T. Confer, M. Moser, and P. Doukakis. Unpublished data on green sturgeon in the Rogue River. (or cite meeting abstract – contact Dan Erickson for the info). 
Lindley, S.T., M.L. Moser, D.L. Erickson, M. Belchik, D.W. Welch, E. Rechisky, J.T. Kelly, J.C. Heublein, A.P., Klimley, O. Langness…etc. etc.  Unpublished green sturgeon tagging data.  Ask Steve Lindley for the list of names involved in this work. 
Munro, J., R.E. Edwards, and A.W. Kahnle. 2007. Anadromous sturgeons: habitats, threats, and management synthesis and spawning. American Fisheries Society Symposium 56:1-15

Van Eenennaam, J.P., J. Linares, S.I. Doroshov, D.C. Hillemeier, T.E. Willson, and A.A. Nova. 2006. Reproductive conditions of Klamath River green sturgeon. Transactions of the American Fisheries Society 135:151-163.

Review by Dr. Josh Israel, UC Davis
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Dear Susan and Melissa:
I have examined the Draft Biological Report for the Proposed Designation of Critical Habitat for the Southern Distinct Population Segment of North American Green Sturgeon. I was requested to review the document and provide comments on the following five topics.

1. The accuracy, quality, and completeness of the data considered, particularly if any additional data exists that was not considered.

2. Whether scientific uncertainties are clearly identified and characterized, and whether scientific facts are clearly distinguished from professional judgments.

3. The appropriateness of the methods used to evaluate the conservation value of critical habitat areas.

4. The reasonableness of judgments made from the scientific evidence.

5. The overall clarity and completeness of the document. 
I address each of these topics independently below.  I did not review the full list of references. Thanks for the opportunity to review this document, I hope these comments are useful.

All the best- 

Josh Israel

1. The accuracy, quality, and completeness of the data considered, particularly if any additional data exists that was not considered.

This Biological Report (herein referred to as Report) synthesizes data from numerous sources including personal communication, unpublished data, and the peer review literature in a well-written narrative. Experimental research has provided considerable insight into green sturgeon biology and much of this research has been published in the peer review literature. This research is primarily synthesized in the life history and status section of the Report. These data have already benefited from peer review to guarantee accuracy and quality, and provide a context for contemporary ecological research on green sturgeon occurring in the San Francisco Bay-Delta, Sacramento River and western estuaries. Almost all of these more recently collected field and telemetric data are cited in the Report as Personal Communication and Unpublished Data. Given my knowledge of these sources and involvement in this research, the reported data seems accurate and complete. 

Additional information about the inundation record of the Yolo and Sutter bypasses may be useful in evaluating their conservation value. While there is no doubt that inundation of these bypasses provides allochthonous primary and secondary production into the Delta that is necessary food resources for green sturgeon and their prey, the record (1934-1995, California High Water Bulletin 69-95; 1996-2006, DWR Hydrology Branch of Flood Management) indicates the frequency of inundation after March is only once every 4 years, and it is flooded later than May about once every 50 years. Thus, I am not certain of the accuracy of the statement concerning the presumed importance of this region for upstream and downstream migration by adult green sturgeon. Infrequent records of green sturgeon in the Yolo Bypass are downstream of Tule Canal in the Toe Drain, which is tidally influenced up to I-80 causeway, and the temporal and spatial variation of inundation within portions of the bypasses could be clarified to more completely and accurately describe the conservation value of these regions to Southern DPS green sturgeon. While green sturgeon fry may move onto the bypass floodplains when they are flooded in the winter, DWR has not captured any juveniles on the Yolo or Sutter bypasses (Zoltan Matica and Bill Harrell, Department of Water Resources, Pers. Comm.). Additionally, the substrate type and size and sediment qualities of the bypasses are quite different from the mainstem and do not seem favorable to juvenile green sturgeon based on the description in the life history section. A statement that juvenile, subadult, and adult green sturgeon have been observed in the Sutter bypass (again, not clear if this means inundated portion or drain) is not supported. Lastly, the Biological Reports analysis suggests migration is a PCE for these regions, yet the ‘Benefit of designating migratory corridor” was not scored for them (see comment #3).    

In a few sections of the Geographical Areas occupied by the species… segment genetic data is cited which is over 2 years old. I have supplied a manuscript (in review) that contains these same data with much smaller analysis error.
In the discussion on sediment quality in estuarine areas, it may be worth discussing the potential differences between green sturgeons use of intertidal, tidally influenced, and subtidal habitats, as well as the influence on these different habitats on sediment quality, food resources, and toxics.

2. Whether scientific uncertainties are clearly identified and characterized, and whether scientific facts are clearly distinguished from professional judgments.

The special management concerns within region are well characterized, though scientific facts concerning these management concerns are never distinguished from professional judgment. This comment is similar to the last part of my response to topic #1. It may be valuable to have a table listing all the possible special management concerns and the citation for their influencing that life history stage or whether they are professional judgment. 

3. The appropriateness of the methods used to evaluate the conservation value of critical habitat areas.

The methods used for evaluating the conservation value of critical habitat areas seemed appropriate. If the methods used by the Critical Habitat Review Team (CHRT) for evaluating critical habitat for green sturgeon have been used with other species or was a novel approach, it would be useful to know this in the Critical Habitat Review Team section. There were a couple methods that could be further explained in the narrative to provide readers with more clarity about what method was used for considering the various parameters and their scoring. First, the method by which a region was considered for exclusion was not clear on p. 52. This is a fairly significant part of the scoring procedure, and it would be valuable to explain it more completely. If the method could be described in a couple sentences instead of sending the reader to another report, which I cannot find listed in the List of References, it would provide context for evaluating the objectivity of exclusion consideration. 

Another method that did not seem appropriate was determining which areas were considered to “Benefit of designating migratory corridor” as part of Table 5.  All specific areas included the unobstructed passage Primary Constituents Element (PCE). From the definition of this PCE in freshwater, estuarine, and marine habitats this element is directly used for migration/connectivity to the areas representing spawning habitats which represent the highest conservation values for the Southern DPS. It seems most appropriate to use the criteria that an area demonstrates the unobstructed passage PCE to qualify it as a corridor. Thus, it seems most appropriate to rate freshwater and estuarine areas also as potentially benefitting from designation as a migratory corridor.  This may be of particular value in weighing importance of bypasses, San Francisco Bay Delta, and estuaries with known presence of Southern DPS green sturgeon.    

4. The reasonableness of judgments made from the scientific evidence.

Since much of the scientific evidence in this Report are Personal Communication and Unpublished Data, numerous judgments were made by the Critical Habitat Review Team. These judgments seem well based upon scientific evidence and the methodology used by the Team provided for disagreement, evaluation of alternate scores, and agreement on a final score.  

On p. 20, statements are made about juveniles using tributaries in the lower Sacramento nut not upper Sacramento, then a statement is saying they have never been observed. Is professional judgment for use of these habitats based on fish being present for longer periods of time in the lower portion of the river? This sentence seems speculatory without some statement about professional judgment or observation attached to the observation of no fishes in these areas. 

On pg 22, statements are made about no early life history stages being observed in the Yuba River. It is not clear that no sampling has taken place to verify or not verify green sturgeon egg, larvae, and juvenile presence in the Yuba River.   

5. The overall clarity and completeness of the document. 
This Report is well written and provides the context, method, and results from the CHRTs work to date. One section I found unclear was the narrative of the CHRT’s second and third phases. They used a number of scoring approaches to evaluate critical habitat areas and in Phase 2 two approaches are described (multifactor and alternative). In Phase 3, it says there were three approaches but I am unclear what they all are since it reads like two approaches, one being scored collectively and individually, but this is unclear. Please clarify the three approaches and possibly use subheadings within the Phase sections.  

More information about the life history periodicity of green sturgeon in the Sacramento River and San Francisco Bay-Delta would elucidate the relationship between occupancy and scoring conservation values for these areas. Please consider adding a periodicity table including all specific regions. This may be a good opportunity to differentiate scientific fact from professional judgment as to whether the fish’s presence is  confirmed or unconfirmed, and provide some way of visualizing the addition of the fourth “ultra-low” rating to the conservation values. 

A quick review of Table 1 suggests further discussion by the CHRT to consider activities that may warrant special consideration or protections may be useful to adequately characterize many of these areas. Restoration activities (floodplain setback/creation, gravel augmentation, barrier alteration) in the upper and lower Sacramento, bypasses, and Yuba rivers may be activities requiring special consideration. Pollution on the bypasses is an activity requiring consideration. Aquaculture operations in Tomales Bay and agriculture around Tomales and Humboldt bays (within national parks and wildlife refuges in some cases) are current activities in these areas. Commercial shipping occurs in San Francisco Bay, Humboldt Bay, Coos Bay, and the Lower Columbia River.  The estuary portion of the Yaquina River is subject to construction and dredging.  Are additional coastal marine areas off the coast used for deposition of dredged materials outside the Columbia River, Winchester Bay, and San Francisco Bay or are all depositions from shipping channels inside these areas? If possible clarify where dredging deposition in coastal marine waters originate from in the narrative for that area.  

Here are a couple minor comments.  

P 13. Sediment control written thrice. 

p. 19. Perhaps include the rkms for new locations like I Street Bridge.   

p. 49. Sentence about generating quantitative scores in first paragraph unclear due to sentence structure (and for the second but also). 

Review by Dr. Joel Van Eenennaam, UC Davis

Received August 27, 2008

Review of the Draft Biological Report, August 2008: Proposed designation of critical habitat for the southern distinct population segment of North American green sturgeon
The accuracy, quality and completeness of the data, to the best of my knowledge, are very good. The CHRT should be commended, based on the limited data available and the timeline constraints. A number of specific edits are recommended following the general comments.
General Comments:


The last sentence of the executive summary should include all the specific “other analyses”….an “e.g.” is not appropriate if they were in fact used to designate critical habitat. This last sentence includes “economic analyses” and in a number of sections of the document there is referral to “economic impact” (page 4), “consideration of the draft economic report” (page 46). If this report was used in assigning critical habitat then it should be cited as a reference, and added to the reference list. Also, is this document being reviewed?  It seems that it should have been included (as an appendix?) for this review, or at least a concise summary of what aspects of the report changed, added or deleted areas of critical habitat. 

Scientific uncertainties are identified throughout the document and although I would prefer a summarized or table version of specific uncertainties based on life stages. I anticipate that these will be more apparent in the draft recovery plan.

Page 29, After Rogue River, shouldn’t the Umpqua River be listed and evaluated as critical habitat? Didn’t NOAA in its status review (2005) report that it was a suspected spawning area?

In general, the appropriateness of the methods used to evaluate the conservation value of critical habitat and the reasonableness of judgments made appears sound, although there are a couple issues listed below. The primary weakness of this section is that a number of statements are made with no supporting data (Tables). (1) In CHRT Phase 2, two approaches were used and I recommend presenting the data for each approach in a summary table to allow the readers to see the actual conservation values, (2) In CHRT Phase 3, the first paragraph states that a mean, SE and range was calculated and if so, then this data should be presented as results, in a summary table, (3) The last sentence of this same paragraph states “In general, the conservation value ratings for each area were consistent across all three approaches”… this data should also be presented in a summary Table (combined with (1) and (2) above?), (4) Page 50, second paragraph, the last sentence should end with “(Table 5)”, a reference to where the assigned value was placed in a table, (5) top of page 51, the statement “…Tomalas Bay,….is likely the first major bay to be encountered…” and then the initial value of “M” dropping to “L” with the comment “appears to be used minimally” in Table 5, are contradictory statements and should be clarified to read similarly with clarification for the reduced rating, (6) CHRT Phase 4, page 52, 2nd paragraph, 2nd sentence, the areas identified for exclusion in Table 5…I would recommend listing which specific “exclusion(s)” where used for each area (i.e. economic, etc.) since the reader does not have the draft ESA 4(b)(2), also the NMFS (2008) should be included in the list of references.


Consistently present data in metric units (with English units in parenthesis). To read some in English and some in metric units disrupts the flow and clarity of the document.


Specific comments and recommendations:

1) page 5, “green sturgeon are long-lived and the most marine….” When you consider other anadramous sturgeon like Atlantics and A. mikadoi, it would be more accurate to state “and one of the most marine….”

2) page 5, end of first paragraph…”females tend to be older….” The lone citation of Nakamoto et al., should be followed by more recent peer reviewed articles like Van Eenennaam et al, 2006; Erickson and Webb, 2007.

3) Page 6, Spawning section…first paragraph, “Confirmed spawning populations in North America…..”, all three rivers have more recent peer reviewed articles that confirm spawning and these should be added to the citation list after each river

4) Page 6, Spawning section…first paragraph, “Green sturgeon eggs are the largest of any”….replace “any” with “the north American and European species” (as the Chinese sturgeon have larger eggs, Van Eenennaam, et al., 2006). At the end of this sentence “thin chorionic layer” should be replaced with just “thin chorion” (as the chorion is made up of more than one layer).

5) The next two sentences should be restructured to more accurately describe the egg adhesiveness, based on recent data available. I recommend the following: “Eggs are broadcast spawned and have the ability to adhere strongly to substrate  (Van Eenennaam et al., 2008)” and delete the personal communication footnote. Also insert…Green sturgeon eggs were previously reported to have “poor adhesion” (Van Eenennaam et al. 2001), “weak adhesiveness” (Deng et al. 2002), and  “unadhesive eggs” (Beamesderfer, et al. 2007), but these early interpretations were not entirely accurate. The last four Klamath River females that ovulated all had highly adhesive fertilized eggs using a modified spawning injection regime, and the current hypothesis is that the earlier observed weakly adhesive eggs were due to the use of domperidone during the spawning induction process (Van Eenennaam, et al., 2008). The effect of domperidone, however, has not been experimentally tested, and therefore other factors (holding time in cages, optimal timing of hormonal injections and egg collection) could potentially produce a similar effect resulting in weakly adhesive eggs.

6) Page 6, bottom of page. Include flow data for the third known spawning river, the Klamath River (maybe from Benson et al., 2007? Or a USGS monitor?).

7) The adults and subadults section (page 8), first paragraph, 2nd to the last sentence…”The average length of maturity…” should be “The length at first maturity….(those data are not the averages). The age at maturity is an important determinant of a population’s growth rate and reproductive potential.

8) The adults and subadults section (page 8), first paragraph, the last sentence…”The maximum size of subadults…” should be deleted, as it is misleading. First, it is a generalization…this maximum size would be different for females and males. Secondly,  that size of fish is likely to be an adult male that is in-between spermiation cycles….the testis are regressed  and could be called immature (Erickson and Webb, 2007) but the individual is still an adult.

9) Page 10, top paragraph, last 2 sentences…”Studies on white sturgeon…..” White sturgeon have a different life history, and are not considered truly anadromous because many stocks stay in the estuaries, due to the good food resources, and are exposed for longer periods of time. Green sturgeon, as stated in the report, move out of the estuaries in 1-3 years, so their exposure to contaminants maybe less. I suggest editing the last sentence to include some statement to that effect….”Green sturgeon are believed to experience similar risks from contaminants (…), but due to their more anadromous life history may have less exposure to the estuary contaminants, compared to white sturgeon.
10)  Page 11, 1. Food Resources, “juvenile green sturgeon most likely feed on fly larvae”, is too vague. Expand this to include information on white sturgeon, like species or genus of the “flies” and any references regarding these sources of food.

11)  Page 12, top paragraph, “Eggs likely adhere to substrates……” just add the recent Van Eenennaam, et al., 2008 reference to the list given.

12)  Page 12, Water Quality, “Suitable water temperatures would include”…add “relatively” stable water temperatures…and delete the statement in parenthesis, as we are not given any information on what “wide” is and to what extent mortalities or deformities would occur. We do know there are daily fluctuations in river water temperatures and it does not appear to affect sturgeon spawning, egg development, and larval survival.

13)  Page 13, Depth. I question the depth > or = to 5m. What were the depths of the holding pools on the Rogue and Klamath? No fish have ever been observed holding in 3 or 4 meter deep pools? 

14) Page 14, Water Quality, …dissolved oxygen levels in mg/L. Wouldn’t the presentation as % air saturation be more accurate, as the % of oxygen available is temperature dependant, and water temperature will vary. Just add it in parenthesis?

15) Page 19, second paragraph, just a comment on the 12” opening of the gate….The majority of fish maybe able to pass through, but some larger (and most valuable) fish may have a problem. Our tube net opening for work on the Klamath was 21” in diameter and handled the largest 50-55kg fish.

16)  Page 21, Yolo and Sutter Bypass….do they both flood every 1-3 years or 2-3 years? (be consistent).

17) Page 29, first sentence…”but this was attributed to analysis error”. (and on the last line of the next paragraph). This requires further clarification. Briefly explain what the error was, and how it likely affected the data….i.e. falsely identified southern DPS fish? So the number is likely lower? How much lower? And explain how/why this analysis error did not affect the other data (i.e. for Winchester Bay, Columbia River, Willapa Bay, etc.). As it stands, it is a red flag for all the genetic data. Does Josh have more recent analysis that can be used?
18) Page 40, 41, 42 there are a number of different statements regarding tidal energy projects (“pose a barrier”, “block passage”, “create obstacles”,….). This is clearly an area of scientific uncertainty and I think it warrants a consistent statement throughout the document. Something like “tidal energy projects may alter passage and migration of sturgeon but whether they will actually block passage is unknown”, or just “tidal energy projects may alter passage and migration of sturgeon”.

19) Page 54. Table 1. Add to Tomales Bay, CA the activity “AQ”

20) Page 59, Table 5 legend. The second sentence is confusing. The benefit of designation does not = final conservation value (many of them drop down a value). Delete the parenthesis statement, and move up the sentence “For areas where the presence of the southern DPS was likely, but not confirmed (marked by an *), the final conservation value rating was reduced by one rating.” to be the third sentence in the legend….then it reads and makes more sense.

21) Page 63, Grays Harbor, WA should the votes be shifted over one column, so there are 6 “H” votes and 2 “M” votes, as it is given a final value of “H”.

New References

Beamesderfer, R.C., M.L. Simpson, and G.J. Kopp. 2007. Use of life history information in a population model for Sacramento green sturgeon. Environmental Biology of Fishes 79: 315-337.

Van Eenennaam, J.P. J. Linares-Casenave, J.B. Muguet, and S.I. Doroshov. 2008. Artificial spawning, egg fertilization and embryo incubation techniques for green sturgeon. North American Journal of Aquaculture (in press).
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