IDFG Responses to ISRP Comments

Project ID: 199700100

Captive Rearing Project for Salmon River Chinook Salmon

The following are the Idaho Department of Fish and Game (IDFG) responses to comments posted by the Independent Scientific Review Panel (ISRP) after their review of project proposals submitted for FY02 funding.  The ISRP comments are provided (in italics) for clarity, and the IDFG responses follow.  

The project could benefit significantly, however, by including evaluation of performance (all kinds) of the hatchery-produced fish.

Several aspects of captive-reared fish performance are currently being evaluated to assess their reproductive potential and address the primary objective of this program.  These investigations include the evaluation of several hatchery variables, evaluations of reproductive physiology, and field evaluations of reproductive behavior, spawn timing, and fertilization rates.  

In-hatchery evaluations were initiated to provide a baseline of information to compare with spawning results generated from IDFG’s system of mitigation hatcheries (e.g., Sawtooth and Pahsimeroi hatcheries).  Performance variables monitored in the hatchery include: maturation rate, gamete quality, fecundity, sperm motility, and egg survival to the eyed stage of development using both fresh and cryopreserved milt (Table 1).  

Information collected from in-hatchery spawning events provides a baseline of “expectations” for chinook salmon released from the captive program for natural spawning.  This information is critical to the interpretation of spawning outcomes observed in the field.  In-hatchery results to date indicate that egg quality and egg survival to the eyed stage of development have been variable.  No clear pattern exists between seawater and freshwater-reared chinook although mean “eye-up” for seawater-reared chinook has exceeded that for freshwater-reared chinook (Table 1).  Mean egg survival to the eyed stage of development has averaged 64.8% (range 8.8% - 95.7%) with fresh milt and 23.3% (range 10.5% - 41.9%) using cryopreserved milt.  Fertilized eggs produced in the hatchery have been provided to the Shoshone-Bannock Tribes for use in their in-stream hatch-box program.  Tribal biologists then assess hatching rates, which have ranged from 62% to 92% (Table 2).  

In addition to the in-hatchery and field evaluations summarized above, the IDFG and NMFS Northwest Fisheries Science Center initiated a collaborative evaluation of reproductive performance in captive and ocean-reared hatchery origin chinook salmon in 2001.  The evaluation includes laboratory studies of maturation physiology and the use of water temperature manipulation at the IDFG Eagle Fish Hatchery during the final maturation of captive chinook salmon in fresh water.  The physiological element, now identified in Project 199305600, is underway and designed to compare the progress of maturation in fish produced from captive and anadromous life histories as well as to evaluate the bioenergetics of migration in ocean-reared hatchery adults.  Samples of gonads, blood and carcasses were collected from anadromous hatchery origin adults in addition to captive-reared adults.  Gonads were preserved and will be examined histologically.  Blood plasma will be analyzed for sex steroid levels and carcasses will be analyzed for total protein, fat, water, and ash.  Results will be developed and compared for captive-reared and ocean-reared hatchery adults.  It is hoped that this research will provide some insight as to why captive and anadromous chinook salmon mature asynchronously.  In addition to the physiological element of the experiment, maturing, captive-reared chinook salmon completed final maturation on two different water temperatures (13.5(C and 9.5(C) at the IDFG Eagle Fish Hatchery in 2001.  Adults from treatment and control environments will contribute information to the physiological data set as well as being released to spawn naturally in 2001.  Similar efforts with Atlantic salmon Salmo salar in Scandinavia successfully shifted (moved up) spawn timing by as much as one month (Penny Swanson, NMFS Northwest Fishery Science Center, personal communication).

Table 1.–Summary of hatchery spawning results for captive-reared chinook salmon by year from the Lemhi River (LR), West Fork Yankee Fork Salmon River (WFYF), and East Fork Salmon River (EFSR).  Data for males reflects the use of fresh milt, except where noted.  FW and SW reference freshwater and seawater rearing treatments.  All adults were collected as parr.  This data is a summary of Tables 1-3 in the project’s FY02 proposal.

Stock and rearing history
No. of unique females spawned
No. of unique males spawned
Mean female fecundity
Mean egg survival to the eyed stage
Number of eyed-eggs produced

1998






LR – FW
3
6
953
48.5%
2,799

LR – SW
4
4
2,367
92.0%
8,005

WFYF – FW
1
1
2,377
8.8%
168

WFYF – SW
2
3
2,070
83.3%
3,397

EFSR – FW
3
1 fresh

4 cryo
1,590
32.5% fresh

20.1% cryo
4,225 fresh

1,148 cryo

EFSR – SW
10
4 fresh

6 cryo
2,080
78.5% fresh

20.6% cryo
11,363 fresh

1,104 cryo

1999






WFYF – FW
2
6
1,644
79.0%
2,597

EFSR – FW
1
4 cryo
391
10.5% cryo
41 cryo

EFSR – SW
1
4 cryo
2,596
41.9% cryo
1,088 cryo

2000






WFYF – SW
1
4
1,323
95.7%
1,266

Table 2. - Summary of captive chinook salmon eyed-egg transfers and hatching rates for instream and streamside incubators at Lemhi River (LR), West Fork Yankee Fork Salmon River (WFYF), and East Fork Salmon River (EFSR) sites.

Year planted and incubation location
No. of eyed-eggs transferred
Dates transferred
No. of eyed-eggs planted
Estimated hatching rate

1998, WFYF 
3,451
11/2/98
3,393
92.1%

1998, LR – Hayden Creek site
9,324
11/2/98
9,320
75.0%

1998, EFSR
15,240
11/2 & 7/98
15,240
91.04%

1998, EFSR – Big Boulder Creek site
2,039
11/2 & 7/98
2,039
62.3%

1999, WFYF
2,297
10/13/99
2,297
86.0%

1999, EFSR
1,038
11/2/99
1,038
No data, hatch box vandalized

2000, WFYF 
1,266

1,266
Pending

Field evaluations of the reproductive performance of captive-reared chinook salmon have been ongoing since 1998.  We have collected detailed observations of courting, nest construction and grooming, spawning events, and nest defense to evaluate if captive-reared chinook salmon display and respond to appropriate stimuli.  In addition to these behavioral aspects we also assess in-gravel fertilization rates by collecting eggs from captive spawned redds, and have capped redds in order to document emergence.  Finally, the spawn timing of captive-reared individuals is compared to their wild/natural counterparts in the same drainage to determine how closely the spawn timing of the two groups track one another.  A preliminary summary of year 2000 information is provided below for the benefit of the reviewers (Figure 1, Table 3).  Year 2001 information is currently being collected and summarized.  These data were not available for inclusion in the project proposal, but will be included in year 2000 and 2001 annual reports to the Bonneville Power Administration.
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Figure 1.–Activity budget of captive-reared chinook salmon released into Big Springs Creek July 16 – October 7, 2000.  Each chart represents an approximate two-week period except the last chart, which represents one week.   

Table 3.–Number and disposition of eggs collected from redds spawned by chinook salmon reared in captivity in Big Springs Creek on November 6-7, 2000.

Redd
 Date
Live
Dead
Blanka

E12
11/6/00
  0
  38
  0

R6
11/6/00
  0
  46
  0

R8
11/6/00
21
    3
  0

R9
11/6/00
23
    1
  0

R5
11/6/00
11
  16
  0

R4
11/6/00
  7
  75
  0

R2
11/6/00
  0
  11
  0

R3
11/6/00
  8
  42
  0

E15b
11/6/00
  0
    0
  0

R11
11/7/00
  2
  12
  0

R10
11/7/00
  6
  54
  0

E18
11/7/00
  0
    0
  0

E17
11/7/00
  2
    0
16

Willow
11/7/00
11
    3
  0

R1/R1.1c
11/7/00
  0
  14
21







Total

91
315 
37

Percent

   20.5
     71.1
     8.4

a  Eggs were considered blank or unfertilized if they appeared to be live when sampled, but became opaque shortly after collection.

b  Probably a test dig based on its size and location in the stream cross-section.

c  This was a two redd complex where with a late redd superimposed on an earlier one.

The sponsors need to explain what is to be different about fish now being produced so that there is some reason to do more assessment.

The summary information provided above and the detailed discussions provided in our proposal identify challenges that we are currently attempting to overcome.  As such, the need for further assessment is critical.  Challenges that we are currently addressing include: variable gamete quality, variable in-hatchery reproductive success, and asynchronous maturation and spawn timing.  Since the inception of this project, we have applied an adaptive management approach to our culture techniques.  Through the technical oversight committee process, we have incorporated the recommendations of regional experts and designed new experiments to address specific needs.  The next several year-classes of maturing adults will provide the results of these attempts to improve gamete quality and synchronize the spawning of captive-reared and wild/natural fish.  For example, in 2001 additional water chilling capacity was added at the Eagle Fish Hatchery to test the effect of holding maturing adults at 9.0oC versus ambient (13.5oC) water temperature.  This experiment was initiated in light of recent work on Atlantic salmon (Penny Swanson, NMFS Northwest Science Center personal communication) that demonstrated that photoperiod and water temperature (singularly and in combination) could be used to advance spawn timing.  Facility modifications at the Eagle Fish Hatchery scheduled for 2002 and beyond should provide the ability to manipulate photoperiod control.  Additionally, fish that will be maturing over the next several years will be the first that were collected as eyed-eggs instead of parr or smolts.  It is hoped that improved fish health and accelerated conversion to a hatchery diet in fish collected as eggs will result in larger fish, which should make them more comparable to wild/natural fish.  The collaborative reproductive physiology investigations (described above) should provide valuable insight on issues related to maturation in captive-reared and wild/natural chinook salmon.  Findings from these ongoing investigations and recommendations to improve the quality and performance of captive-reared adults have yet to be presented.

The project seems to have some inconsistent elements.  For example, the goal is to develop captive rearing techniques.  Hasn’t NMFS been doing that with Puget Sound chinook salmon for 20 or more years?  An argument for initiating the project was to preclude loss of important sub-populations of chinook salmon.  By stocking experimental fish in Bear Valley Creek, not one of the donor streams, isn’t the project potentially increasing jeopardy for the sub-population inhabiting Bear Valley Creek?  Also, why, in a project to develop rearing techniques was it necessary to use three sub-populations?

The reviewers are correct that considerable effort has been directed at developing techniques for applying captive intervention to prevent further loss of populations of anadromous species at critically low levels of abundance and diversity.  The majority of the relevant literature is cited in our proposal and in our annual project reports to the Bonneville Power Administration.  In addition, through our technical oversight committee process, we stay abreast of breaking research not yet published.  However, the majority of the available literature addresses captive broodstock techniques and conservation biology; very little research has been specifically directed at developing captive rearing methods.  While captive broodstock techniques are sufficiently advanced to be used as an emergency intervention action, little effort has been directed at developing techniques that incorporate successful volitional spawning in captive-reared adults.  

Captive rearing poses a unique set of challenges.  Unlike traditional broodstock programs, captive rearing efforts require that mature adults be comparable in many respects to their wild/natural counterpart.  For captive rearing to be successful, adults released for volitional spawning must exhibit acceptable sex ratios at age, be physically capable of selecting and defending suitable spawning habitat, construct redds that protect eggs during incubation, produce high-quality gametes, and spawn synchronously with the wild/natural population.  If successful, captive rearing has certain advantages over traditional broodstock programs.  Specifically, captive rearing represents a “smaller footprint in the sand” than traditional broodstock programs.  Adults released for volitional spawning are subjected to the same natural selection processes that act on wild/natural adults and successful progeny initiate life in natal streams (no exposure to the hatchery environment).  

Bear Valley Creek and Big Springs Creek were selected as release streams for several reasons.  Primarily, they were selected because they do not currently support spawning populations of chinook salmon.  Releasing fish into these streams allowed us to evaluate the spawning performance of captive-reared fish without impacting wild/natural fish in the same stream.  Other factors leading to their use as field assessment sites included habitat quality (Bear Valley Creek) and access (Big Springs Creek).  Additionally, both of these streams are tributaries to the Lemhi River, and the fish released into them were from the Lemhi River stock.  This ensured that any production from the experimental releases would not pose a genetic threat to the local, naturally spawning population in the main Lemhi River.  

The reviewers raise an excellent point with respect to the number of study streams incorporated in the program.  Three sub-populations were included in this project at its inception to help ensure there would be sufficient numbers of parr or smolts available for the project from at least one of the drainages when natural escapement was low.  Also, incorporating multiple populations into the program provides a mechanism to evaluate between stock differences in rearing needs.  Nevertheless, we have not sourced broodstocks from each sub-population in all years since the inception of collections.  For example, in 1995, adult escapement to two of the project’s three study streams was critically low or absent and no collections were made in the West Fork Yankee Fork Salmon River or East Fork Salmon River.  In 1997, no collections were conducted in the East Fork Salmon River.  In 2000 and 2001, no parr or eyed-eggs were collected from the Lemhi River drainage.  Decisions regarding collections are made at the technical oversight committee level and consider essential program needs and core program objectives.  Restricting collections to fewer than three sub-populations allows us focus more effort on the stocks remaining in culture, and makes available additional rearing space to conduct controlled experiments to assess the effectiveness of various culture techniques on reaching project goals.  

The project goal was to develop culture techniques, and to assess the spawning success in nature of the fish produced.  Although the growth and survival of the experimental fish has not been comparable to fish produced in nature, hasn’t that goal been met?  It now seems the goal has changed to one of improving growth, survival, and performance of the fish produced.  Why is this new goal necessary?  If it is necessary, do growth, survival, and performance of the fish produced have to be comparable to that of wild fish?  Please explain your intent here.
The first objective of this project is, “To produce captive-reared adult chinook salmon with morphological, physiological, and behavioral characteristics similar to naturally produced fish”.  Evaluating the spawning behavior and success of captive-reared fish is a second, and separate, objective.  The intent is that these two objectives operate in a feedback loop, where hatchery and field observations identify potential deficiencies in behavior or performance that can be addressed through modified culture techniques.  Currently, captive-reared adults that do not fall within the “normal” size range of chinook salmon and spawn 2-4 weeks later than wild/natural fish in the same drainage do not possess morphological or behavioral characteristics that are similar (comparable) to natural fish.  The reviewers are correct in identifying that the project has moved beyond simply determining if captive-reared fish will spawn in the wild to improving their spawning performance.  This is not a new goal.  This is the feedback loop operating as intended.  

In order to fairly evaluate the captive rearing strategy, the products of this program do need to be as similar to wild/natural fish as possible.  The ultimate goal of this evaluation is to determine if adults produced in a captive-rearing program can provide sufficient production to prevent the extinction of local populations.  While we are certainly not to the point of implementing such a program at this time, the logical means to this end is to produce fish as comparable to the wild/natural stock as possible.  Evolution has already determined what combination of characteristics affords the highest probability of survival.  The primary limitations identified to date are small adult size, variable gamete quality, variable egg-survival to the eyed stage of development, and late spawn timing.  Small fish may be more susceptible to predatation, have lower fecundity, and may not have the physical ability to construct redds in appropriate  habitats.  Even if they do select high quality nesting sites, they may not be able to move sufficient amounts of material (or material of sufficient size) to properly armor their nests or to deposit their eggs deep enough to protect them from siltation or from scour during high flow.  Additionally, late spawning may place these eggs at a developmental disadvantage.  Embryo development is primarily temperature regulated.  Wild/natural fish in the study streams generally spawn when water temperatures average 10oC-11oC.  When captive-reared fish spawn 2-4 weeks later their embryos are already 200 or more Celsius Temperature Units (CTUs) behind those of wild/natural fish.  For perspective, chinook salmon eggs reach the eyed stage of development at ~300 CTUs and hatch at slightly over 500 CTUs.  This situation is made even worse since water temperatures are beginning to decline when captive-reared fish spawn, which places them even further behind, developmentally, going into the winter temperature minimums.  This may result in later hatching and emergence than in their wild/natural counterparts, which may lead to lower survival if the later emerging progeny of captive-reared parents are more susceptible to predation or if they are not able to store sufficient energy reserves to carry them through their first winter.  However, there is some evidence in the literature that developing embryos can accelerate their rate of development to compensate for constant low temperatures in a laboratory setting.  Unfortunately, it is not known how fluctuating temperatures, as experienced in nature, affects this compensation mechanism or if it is sufficient to synchronize emergence timing of the two groups.

You propose to “…complete NPPC [NMFS] 4-step process to initiate artificial propagation safety net programs for spring/summer chinook salmon.  If this is now an implementation project, isn’t it premature in the 4-step process?
Objective 3. of our proposal is consistent with Section 9.6.4.3 (Actions 175, 176, and 177) of the FCRPS Biological Opinion.  The IDFG identified the need to conduct population viability assessments and explore new intervention options in their FY 2001 chinook captive rearing program proposal.  In FY 2001, the IDFG and the University of Idaho developed the following progress report: Population Viability Analyses for Snake River Spring/Summer Chinook Salmon Spawning Populations (Dennis and Szerlong 2000).  This progress report assessed the risk of extinction for 14 core sub-populations of Snake River spring/summer chinook salmon originating in the Selway River and the South Fork, Middle Fork, and mainstem Salmon rivers of Idaho.  Model development and populations viability analyses are still ongoing.  The models will be used to estimate population persistence for the specific stocks and to help prioritize potential population conservation intervention actions (steps 2 and 3 of the four-step process).  

In FY2002, we anticipate completing the final three elements of the four step process.  This time-line is consistent with the FCRPS Biological Opinion request to complete planning actions on an “accelerated” basis.
The reviewers should understand that this process is distinct from immediate captive rearing program objectives but ultimately related.  The IDFG determined that this effort was best addressed as a separate objective associated with existing captive intervention actions.  Project personnel are familiar with regional efforts to address the four-step process for chinook salmon populations at risk and can best direct this activity for the IDFG.  As specific captive rearing objectives are met and decisions regarding the efficacy of captive rearing are developed, two outcomes are possible.  If we conclude that captive rearing (or captive brood stocking) is an effective means of intervention, policy discussions related to pursuing the implementation of captive intervention will be initiated.  If captive rearing is judged to be ineffective, additional pilot investigations pursuing other avenues of intervention may be pursued.  As such, it is not too early to begin prioritizing needs at the local level.  The IDFG intends to work closely with cooperators to insure that the process of identifying future recommendations and actions of intervention not occur in a vacuum.  Considerable time and effort will be required to identify the best course of action to prevent further sub-population loss.  It serves the region well to complete the work that IDFG initiated in 2000.

One identified task is to develop HGMPs.  Will this be done in collaboration with other proposals to develop HGMPs (e.g., for hatcheries in the SLRCP)?  If not, why not?
The HGMPs developed for this project will be done in collaboration with other proposals where appropriate.  We anticipate significant collaboration between this project and the Redfish Lake Sockeye Captive Broodstock Program and other projects involved in developing conservation hatchery programs.  At the time of this writing, considerable effort has already been directed at developing a draft HGMP for this program.  This effort was associated with the development of the Salmon Subbasin Summary.
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