Project IDs 27024

Response to ISRP preliminary review.


10 October, 2001

Northwest Power Planning Council

Attention: Kendra Phillips

Response to ISRP

851 SW 6th Avenue, Suite 1100

Portland, OR  97204

Dear Northwest Power Planning Council:

The following is a reply to the Independent Scientific Review Panel (ISRP) preliminary review of the proposals submitted to the Bonneville Power Administration (BPA) as part of the Blue Mountian Province solicitation process.  In particular, we are responding to comments made by the ISRP on:

Project 27024, Life History Strategies in Oncorhynchus mykiss: interactions between anadromous and resident forms.

This reply is based on the ISRP’s comments on project 27024.  Following this cover letter, you should find a response to each specific concern that was identified by the ISRP and a modified proposal that reflects these responses.  Thank you for the opportunity to respond.  Please let me know if we can provide any additional information.

Respectfully,

/s/ Timothy A. Whitesel
Timothy A. Whitesel, Ph.D.

Native Trout Program, ODFW


Project:  27024

Concern #1: There needs to be a better justification for using Sr/Ca ratios in the otolith cores to identify the environment of the mother, including citations and preliminary data from the Grande Ronde.
Response:  The ability to determine the origin (resident or migratory) of sympatric forms of a given species is essential for proper management.  One technique that has been used to determine the maternal origin in O. mykiss is the analysis of Sr/Ca ratios in the otolith core (for example see Kalish 1990).  This technique has also been used in Arctic char (Babaluk et al. 1997), sockeye salmon (Rieman et al. 1994), and striped bass (Secor et al. 1995).  For Sr/Ca ratios to be useful in determining maternal origin, the maternal fish must begin the process of vitellogenesis while in the ocean (a relatively high Sr/Ca environment) and the chemistry of the freshwater environment must be appropriate (a relatively low Sr/Ca environment).  To determine if steelhead destined to spawn in the Grande Ronde River subbasin began vitellogenesis while in the ocean, we evaluated the Sr/Ca ratios in the otolith cores of O. mykiss that were known to have originated from anadromous mothers.  We found the Sr/Ca ratios in the otolith cores of these progeny (Volk, personal communication, Washington Department of Fish and Wildlife; ODFW, unpublished data) to be similar to what has been observed in other O. mykiss populations (see Zimmerman and Reeves 2000).  To determine if the water chemistry in the Grande Ronde River subbasin is appropriate for this technique, we tested various streams from throughout the subbasin.  We found that Sr/Ca ratios in the Grande Ronde River subbasin (Volk, personal communication, Washington Department of Fish and Wildlife; ODFW, unpublished data) were similar to many common freshwater environments and low enough for this technique to be useful (see Zimmerman and Reeves 2000).   These quality control tests suggest that analyzing Sr/Ca ratios in otolith cores can be an effective technique to differentiate the maternal origin of O. mykiss in the Grande Ronde River subbasin. We have now included a table (Table 1) in the narrative  document showing some of our preliminary, Sr/Ca ratio results.
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Concern #2: Data from the preliminary controlled breeding experiments needs to be presented.
Response: We have conducted pilot breeding experiments to begin an assessment of the heritability of residency and anadromy.  In these pilot experiments we used both resident and anadromous fish as broodstock.  Broodstock sizes were typically two to three resident females, four resident males, three to four anadromous females, and four anadromous males.  We made various combinations of resident and anadromous parent crosses.  In most years, we achieved resident female by resident male, resident female by anadromous male, anadromous female by resident male, and anadromous female by anadromous male crosses.  However, in the first year of the pilot investigation we did not achieve any resident by resident crosses.  The progeny from these crosses were reared in a hatchery steelhead program (production of 12 month old, 205 mm fork length smolts).  During rearing and after release, we evaluated smolt development  of progeny from resident parent(s), and compared this to the smolt development of progeny with only anadromous parents (controls).  During rearing, smolt development (or lack of) was evaluated using condition factor, rate of precocial development, hepatosomatic indices, and gill Na+/K+ ATPase activity.  In the initial years of the pilot study, progeny with resident parents did not exhibit any significant differences from control progeny (ODFW unpublished data).  During release, smolt development was evaluated by following the migration of PIT-tagged fish through dams in the Snake and Columbia rivers.  In general, progeny with an anadromous mother were detected at mainstem dams at the same rate (approximately 40-50% of what was released) as control progeny whereas progeny with resident mothers were detected at mainstem dams at a lower rate (approximately 6-40% of what was released; ODFW unpublished data).  In most cases the migration time to the dams was similar for progeny from all crosses.  However, in one instance, progeny from anadromous female by resident male crosses migrated through the dams approximately one month later than control progeny. We have inserted a table (Table 2) in the narrative document showing some of our preliminary data for detection of released progeny.

Project:  27024

Concern #3: A summary of the evidence that resident and anadromous forms interbreed. 

Response: Whether and to what extent the various forms of pacific trout are reproductively isolated is an ongoing debate.  Pacific trout (O. mykiss) do exhibit distinct life history forms as either anadromous (steelhead) or resident (rainbow) fish (Behnke 1992).  However, there is significant overlap in many of the ecological and genetic characteristics of rainbow and steelhead trout, especially in sympatric demes (Busby et al. 1996, Nielsen et al. 1997).  Rainbow and steelhead trout can be hybridized artificially (Johnsson et al. 1993) and probably hybridize naturally.  Progeny from steelhead crosses, rainbow and steelhead hybrids, as well as from rainbow crosses can exhibit seawater adaptability (Johnsson et al. 1994) and progeny of rainbow trout have been used to develop seawater culture programs (Gorie 1993).  Hatchery origin steelhead are also known to produce resident trout (Jonasson et al. 1994) and, in the natural environment, resident fish may give rise to anadromous progeny (Northcote 1992, Zimmerman and Reeves 2000).  In some cases, all sympatric life history forms of O. mykiss may represent one interbreeding population (see Savvaitova et al. 1997).  Particular to the Grande Ronde River subbasin, we have observed resident and anadromous forms of O. mykiss spawning in the same location and at the same time of year (ODFW unpublished data) in some of the streams where we conduct surveys.  Thus, evidence does exists which suggests that either resident and anadromous forms interbreed, one form can produce progeny that can adopt the other form, or both.

Project:  27024

Concern #4: How will resident and anadromous forms be distinguished and what are the locations, times, and methods for obtaining broodstock? 

Response: Resident and anadromous forms of O. mykiss broodstock will be distinguished based their reproductive condition and size.  Typically, resident broodstock will be mature in the spring and smaller than 250 mm (fork length) whereas anadromous broodstock will be mature in the spring and larger than 330 mm (fork length).  These sizes were based on previous evaluations of the length and scale pattern analysis from O. mykiss in the Grande Ronde River subbasin.  In addition, once broodstock are collected, scales will be sampled and analyzed to confirm whether a fish has matured as a resident or anadromous O. mykiss.  All broodstock will be collected in the spring.  Anadromous broodstock will be collected at hatchery facilities (weirs).  Resident broodstock will be collected from streams or, in some cases, at hatchery facilities.  When collected from streams, broodstock will typically be captured by seine or (in limited cases) by eletcrofishing. 

Project:  27024

Concern #5: What physiological and morphological measures will be used to assess anadromy? 

Response: During rearing, we will evaluate the condition factor, hepatosomatic index and gill Na+/K+ ATPase activity of the progeny as indicators of smolt development.  In addition, if models can be developed, we will also conduct a morphometric analysis of the caudal peduncle area of the progeny.
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Concern #6: Where will the progeny be released and where will they be recaptured during their downstream migration to LGR? 

Response: Progeny will be release at the mouth of Deer Creek, a tributary to the Wallowa River (which is, in turn, a tributary to the Grande Ronde River).  The progeny will not necessarily be recaptured during their downstream migration.  However, we will evaluate detections of progeny at all Snake and Columbia river dams below the mouth of the Grande Ronde River.  
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Concern #7: If the pilot work has been conducted for a few years, why is it necessary to conduct three more years of breeding experiments? 

Response: During pilot investigations broodstock sizes were extremely small (approximately three parents of each gender of each form).  This makes the level of inference from the investigation limited.  In particular, it is difficult to determine if a result is the result of a particular form (resident or anadromous) or of a particular parent.  Furthermore, with small broodstock sizes we were not able to attain enough progeny to evaluate adult returns of anadromous fish through coded-wire-tagging.
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Concern #8: What breeding design is being used? 

Response: We will establish a matrix design to try and minimize the effect of any particular parent.  For example, when a resident male is used in a resident by resident cross, we will also attempt to use that male in an anadromous by resident cross.  In addition, we will attempt to insure that each parent contributes to the same approximate number of progeny as any other parent.  Again, by way of example, if each resident female produces 250 eggs, then we will attempt to use 250 eggs from any given anadromous female (despite the fact that an anadromous female could have 3000 eggs available).  We are likely to use an ANOVA-style analysis.  Although we would be interested in a quantitative genetics design, we believe that specific logistics will prevent this approach.  In particular, given the physical set-up at the hatchery facilities, it will be difficult for us to isolate progeny from particular parents to a point where they can be marked as individuals.  Also, we do not have any baseline genetic information to quantify differences between resident and anadromous forms.  Based on the literature, in streams that contain both anadromous and resident forms, they may not be distinguishable genetically (for examples see Allendorf 1975, Leider et al. 1995).
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Concern #9: How will the young of the year population be distinguished, sampled and analyzed? 

Response: Young of the year O. mykiss will be distinguished from other year classes of O. mykiss based on size.  Preliminary information suggests that age 0 and age 1 fish (for example) can be distinguished fairly easily using size (ODFW unpublished data).  We will confirm the age of the fish with scale samples.  Those fish that are not young of the year will be excluded from the analysis.  Young of the year O. mykiss will be seined in July and August, from streams throughout the Grande Ronde River subbasin.  In most cases fish will be sampled from streams known to contain both resident and anadromous forms.  Adult anadromous fish will be sampled as downstream migrating kelts captured at weirs in the Lostine River, Lookingglass Creek, Catherine Creek, and the upper Grande Ronde River.  Adult resident fish will be seined on spawning grounds from various tributaries in the Grande Ronde River basin.  Scale samples will be collected from these fish to confirm that they were resident.  Anadromous juveniles will be sampled from smolt traps, primarily from Catherine Creek and the Grande Ronde River.  Sample sizes will be approximately 65 fish per group.  Based on a power analysis, this sample size should allow us to detect if 5% of the fish from a given group originated from mothers of a certain form (for example, if 5% of the smolts had resident mothers).  Proportions will be reported and comparisons will be made using contingency tables.
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Concern #10: Objective 3 needs to be greatly expanded. 

Response: Objective 3 is intended to provide preliminary information on whether fall spawning exists and whether progeny from fall spawners are likely to interact with progeny from spring spawners.  Based on current dogma, management strategies are developed without any consideration for the possibility that fall spawning occurs and that progeny from such spawning may influence the overall dynamics of O. mykiss populations.  Thus, our intent is to provide basic information that will help biologists and managers decide if fall spawning in O. mykiss should be evaluated in more detail.  To this end, we have made Objective 3 more specific and we have expanded Task 3.2.  However, we have not expanded greatly on the entire Objective.
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Concern #11: The investigators frequently use the term equilibrium but it is not clear … 

Response: We agree with this comment.  We do not intend to imply that the relationship between resident and anadromous forms of O. mykiss is or should be in a fixed state.  Rather, we believe that, as the reviewers suggest, O. mykiss populations are in a state of dynamic equilibrium that is likely influenced by a highly disturbed environment.  For example, under current conditions it may be advantageous for the O. mykiss equilibrium to shift towards residency.  If resident and anadromous forms are from one common breeding unit, then the overall abundance and status of O. mykiss is influenced by both forms.  If resident and anadromous forms are from distinct breeding units, then the abundance and status of one form may be relatively independent of the abundance and status of the other form (except for competitive interactions).
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Concern #12: This proposal is very similar to activities described in LSRCP project 200109. 

Response: As the reviewers suggest, the pilot activities referred to in this new proposal were previously included under LSRCP activities.  However, the scope of the current proposal goes beyond standard LSRCP activities as well as LSRCP funding commitments and abilities.  

Attachments:

27024.doc
27024n.doc
