Dear Justice Cohen,
While I currently live in Edmonton, I lived in BC and worked for DFO in the fall of 2001 as a creel census surveyor on the Chilliwack River. Prior to my temporary employment with DFO I'd completed a BSc in zoology, an MSc on coho at SFU investigating predation-risk and primary defense of stream-dwelling coho fry (Donnelly 1984) and continued my MSc research for a PhD (Donnelly and Whoriskey 1991) with research on Adams River sockeye population dynamics as an adjunct chapter, analyzing a pre-existing data set for 23 years of data on spawners and offspring returns (Donnelly 1992). I became interested in the problem of cyclic dominance in Adams River sockeye, a phenomenon several other upper Fraser River stocks exhibit and the function of jack salmon or precocious males in sockeye and other salmon populations, a project initiated after my PhD fieldwork was canned following passing my PhD comprehensive exam and completing the required coursework. I've worked since abandoning my PhD as an environmental consultant in the lower mainland with the Fish for Life Foundation and Pacific Herring Coalition, and served on COSEWIC's Marine Fishes Subcommittee during the time I worked for DFO. I first heard about mortality of upmigrating sockeye while working for DFO. One of the responsibilities my supervisor Ken Peters had was to fly the length of the Fraser from Mission to the river's mouth via helicopter (see Map) counting dead salmon carcasses once a week. I had a friend working at DFO whom I asked about the mortality and he said Parvicapsula minibicornis was the problem, a protozoan parasite targeting sockeye gills and the glomerulus of kidneys and when having lethal effects, known as "prespawning mortality". It's been known to be a problem since 1995 (Cooke et al. 2004), but Parvicapsula was first reported in Fraser River sockeye when Horsefly sockeye were sent to the Centre for Disease Control in Bethesda Maryland for an autopsy years prior to prespawning mortality becoming a problem (I believe it was in 1968, but don't quote me). Chartering an helicopter and flying from Mission to Richmond 4 times a month is likely quite expensive and it is difficult to believe the work wasn't continued after 2001 if DFO believed in the value of flying the Fraser once a week to assess mortality at that time. Whether the Cohen commission knows anything about the survey work is moot, but data should exist from at least 2001 until it was discontinued if DFO will make such data accessible. In 2001 there were apparently also some experiments that had been initiated by DFO at Annacis Island on Parvicapsula to determine where fish contracted the parasite,whether going downriver to sea as smolts or when coming back to the river as adults to spawn. Jones (2003) doing PCR amplification reported sockeye entering the Fraser don't have the parasite, it appears to be contracted somewhere between entering the Fraser and the fish reaching the confluence of Harrison River. After fish are first infested (45% were reported, ibid), there appears to be no further infestation until the spawning grounds are reached where the spores by which the protozoan reproduces (sexual reproduction can also occur) results in 95% infestation rates owing to the fish being concentrated in a small area. Lapointe (2003) indicated Jones has done experiments holding sockeye in cages and temperature-effects on Parvicapsula-infestated sockeye. 
While working with COSEWIC (an unpaid appointed position), Cultus and Sakinaw Lake sockeye were listed as endangered. At that time I'd studied salmon in university for 12+ years in addition to obtaining a BSc in zoology so was giving away what cost myself and taxpayers 17 years of investment, so listing the Cultus stock was a doubly solemn occasion. All of the major Canadian research on sockeye was done on the Cultus Lake stock in the 1950's with WS (Bill) Hoar the principal investigator. I'd invited Dr. Hoar to serve on my MSc thesis committee because a 1958 paper he'd published suggested salmon likely have parr marks as juveniles to permit them to blend against the gravel substrate and escape predator visual detection, a reference I'd uncovered during the literature review after beginning my MSc. While Bill is no longer with us, perhaps it's best he didn't learn of the catastrophic decline of that population, or using the word Bill Ricker coined to describe populations having disinct traits owing to reproductive isolation from other populations: "stock" (1972). Ricker is no longer with us either, but recent work on Cultus Lake sockeye (Bradford et al. 2010) showed in addition to gills infestation by Parvicapsula, gill inflamation existed with early arrivals to Cultus having less histopathology than fish holding longer in warm Fraser waters arriving at Cultus later in the season. Parvicapsula has also been found in association with Manayunkia speciosa, a freshwater polychaete flatworm in the Klamath River, Oregon (Bartholomew et al. 2006) and is similar to another parasite of salmon also responsible for massive fishkills in the latter river, Ceratomyxa shasta (ibid). Polychaete flatworms such as bristle worms appear to be the intermediate host in both protozoan's life cycles and are normally found in association with mussels and in mud sediments, wharfs and pilings, and are sometimes referred to as bloodworms with distributions on both coasts in salt-, fresh and brackish-water. They feed on bacteria and small crustaceans. Bjork and Bartholomew (2009) showed risk of rainbow trout infestation by the latter protozoan increases at lower water velocities, with chinook salmon being largely resistant. Slower water velocities generally occurs at river mouths and closer to the substrate in the water column with increasing water velocity encountered further upstream and closer to the surface. It's therefore likely Parvicapsula infests sockeye soon after entering the river or at the interface where fresh and salt water mix which, depending on tidal influence, may extend as far upriver as Mission (see Map). Sockeye differ from other salmon in their dietary preferences. They are mostly planktivorous, while other Pacific salmon are mostly piscivorous as adults. To facilitate consuming plankton, sockeye have smaller spaces between their gill rakers and more rakers. Given Parvicapsula produces actinospores (7.9 × 7.1 μm, ibid) for its own reproduction, spores are more likely to lodge between gill rakers and in the gills of sockeye than other species which may explain why all other species of Oncorhynchus (coho, Pink, chinook, chum and rainbow trout) have had reports of Parvicapsula infestation, but at a lower incidence and at reduced likelihood of mortality compared to sockeye. 
While all Fraser River sockeye normally migrate upriver on arrival at the Fraser mouth, the late-run mixed stock alone has exhibited a pattern of waiting at the river mouth for several weeks since 1974 when monitoring began, with the upstream spawning migration generally peaking in late September. In 1995 the pattern altered with late-run stocks beginning their upstream migration progressively earlier each year until 2000-2001 when fish entered the river a month earlier to begin their upstream migration (Lapointe 2003) with former PSC (Pacific Salmon Commission) personnel believing early migration of late-run sockeye an adaptation to avoid the parasite (ibid). Crossin et al.'s 2008 work showed Parvicapsula-infested sockeye held at 18° for 24 days were twice as likely to experience mortality as fish held at 10° for the same period, with radio telemetry showing fish held at the higher temperature were half as likely to reach the spawning grounds as those held at the lower temperature, so holding-temperature significantly influences Parvicapsula-related mortality. Their work on holding temperature explains the difference between Parvicapsula-infested sockeye returning to spawn or dying en route to the spawning grounds, and may be sufficient to explain hastened late-run sockeye migration, however, wastewater from sewage treatment may exacerbate the problem. 
The Fraser has another characteristic making it atypical of other salmon rivers that also may promote the intermediate host and make salmon migration, whether of adults migrating upstream or smolt migration to sea, particularly onerous. The Iona Island Wastewater Treatment Plant provides primary treatment to sewage produced by approximately 600,000 people (Vancouver, University Endowment Lands and parts of Burnaby and Richmond) before discharging primary treated waste through a 7.5 km, long deep-sea outfall into The Strait of Georgia (Map 2). The plant opened in 1963 and has been expanded six times with more than 200 billion litres of wastewater treated in 2001. There are also 3 inriver waste treatment plants. No upgrade of Iona is planned until 2030 and no modification is scheduled for the 3 secondary plants discharging into the river whatsoever. The T. Buck Suzuki Environmental Foundation estimates yearly stormwater and sewage from the lower mainland discharged into lower mainland waters could fill BC Place stadium 28 times. Release of wastewater having a higher temperature than Fraser water and wastewater's requirement for O2 owing to enhanced bacterial action likely affects salmon holding at the mouth of the Fraser and upmigrating fish in addition to downmigrating smolts. O2 and ion exchange between the water and gills likely becomes more difficult to accomplish since O2 solubility decreases at higher temperature with salmon preferring cold, well-oxygenated water. Furthermore, ammonia (NH3) is poisonous to fish and toxic at low concentrations, particularly for stressed fish (Wicks et al. 2002, Randall and Tsui 2002) with wastewater having high concentrations of urea. Each urea molecule consists of 2-NH3 molecules which bacteria may have partially decomposed to ammonia during primary waste treatment. The tendency for former ocean-going salmon entering freshwater is to "bloat" due to osmosis with the gills and kidneys having to perform double-duty to pump out excess H2O and prevent ion loss so the gills and kidneys are particularly important in acclimation to either freshwater for upmigrating fish, or seawater in the case of smolts. It is possible late-run sockeye are cognizant they've been infested as surmised by PSC and now undertake their upstream run earlier, or that selection has been whittling away at fish who wait at the rivermouth with only those undertaking migration soon after arrival at the river reproducing. Whichever explanation pertains, spending less time at the river's mouth in slow-moving water where Parvicapsula spores are likely abundant would appear to be the optimal tactic to escape infestation. The sewage outfalls into the Fraser likely promotes the growth and reproduction of polychaetes, however the waste disposal by Iona likely makes it advantageous for sockeye to undertake migration soon after arrival given effects of ammonia and depressed oxygen in the lower Fraser and Georgia Strait adjacent to the outfall. While Johannssen and Ross (2002) suggest numerous possible environmental contaminants might contribute to Fraser River sockeye disappearance, parsimony and the work of Crossin et al. (2008) suggests Parvicapsula and the presence of its intermediate host in the Fraser is likely the primary cause. Control of the intermediate host will either require treating the Fraser, and given it's destination, surrounding Georgia Strait waters with a polychaete-specific remedy or use of a biological control. Copper sulfate is a non-specific invertebrate toxin, but also toxic to fish so it would be ideal if a polychaete-specific toxin or freshwater predator targeting polychaetes could be found for biological control. Were chemical control measures implemented it would be critical for any toxin to be applied at a time when no up- or downmigrating salmon are present, but there are certainly other issues affecting Fraser River sockeye in addition to Parvicapsula. The late run fish are typically stocks that exhibit cyclic dominance and have been historically associated with peak runs occurring every four years.
Cyclic dominance is a poorly-understood phenomenon but the analysis of 23 years of Adams River sockeye forming the final chapter of my PhD thesis (Donnelly 1992) is likely germane to the commissions concerns. Despite finding a putative example of r- and K-selection which explained the adaptive significance of cyclic dominance, something biologists guided by theory had been searching for an empirical example of since the theory was first proposed by MacArthur and Wilson (1967) based upon the Verhulst equation, some authors at the time I was doing my MSc had published papers apologizing for such a beautiful theory being destroyed by the single disagreeable fact that no empirical example had hitherto been found for its exemplification (Boyce 1984), with others suggesting fisheries work fails to utilize theory (Hall 1988). Despite most biologists being exposed to r and K selection as undergraduates, it is a fairly simple theory with there being only two parameters in the equation, r or the intrinsic rate of increase of a population based on the rate of doubling of the population as an whole, and K or the carrying capacity of the habitat, despite other variables being implict such as rate of natality, morality and number of breeding attempts. Atlantic salmon and anadromous trout differ from Pacific salmon by producing offspring that may have cohorts compete for freshwater resources for several years prior to going to sea and can survive spawning, while Pacific salmon all die following reproduction so it's important for them to get it right because repeat spawning is not an option. After submission of my PhD I was asked (ordered) to reframe the hypothesis for what I believe now were political reasons. The faculty member who expected the author would assent to modification of the hypothesis adopted to laud his own pet theory had a poster on his wall bringing home to me our ideological differences. My PhD thesis was failed despite all but the final chapter of the thesis already published, ostensibly because my "claim to originality" was in question, with earlier chapters of the thesis being wholly original and a continuation of my MSc. The author ultimately chose to forego resubmission because the theory he'd been ordered to adopt made no predictions and was therefore "bad science", with the reasons for reframing the thesis pork-barreling pure and simple. On the other hand, r- and K-selection theory makes explicit predictions with the Adams River data fitting the predictions tested (Southwood et al. 1974) most amicably. The specific predictions tested were made by what I've come to believe were extremely gifted theorists based on the excellent fit of data to theory that was discovered (ibid). The author of this submission and the chapter was simply a shoe-fitter, having no input into the construction of the shoe (theory and predictions) or the foot it fit (data), and really no vested-interest unlike those making the stipulation the hypothesis be reframed. Truth is or should be considered sacred and loss of academic freedom was what I was ordered to assent to. Nearly 20 years since walking away from that intractible situation, sockeye salmon from the population studied during my PhD and other stocks have had increasing reports of fish "disappearances" for nearly 15 years and I myself have been involved in listing some populations such as Cultus Lake sockeye as endangered with many other populations likely at risk as well. It is difficult for the author not to get involved in this issue, however, I hope you're not expecting to legislate salmon not to get infested by Parvicapsula. Despite sockeye being a schooling species, they aren't particularly well-read despite their flesh colour being, well...red. As for the "disappearing" salmon, dead salmon sink, are carried downstream and begin decomposition almost immediately with numerous opportunists feasting on their carcasses as discovered by the author from personal experience obtained during and subsequent to PhD studies. The swim bladders of some sockeye may subsequently inflate and permit fish to float to the water's surface to subsequently get deposited along the banks of the Fraser and be counted, however, counted fish will only be a small percentage of total mortality, although counts may still be useful to determine whether the problem has become exacerbated over time by comparing counted sockeye to numbers of spawners reaching the spawning grounds. Williams (2005) suggested that poaching was likely an issue that might explain disappearing fish, but disease-related mortality likely explains the bulk of disappearing fish, and while some poaching does occur, its incidence has been unlikely to increase as dramatically as stocks have declined. At the same time, fisheries biologists not understanding the biology of populations exhibiting cyclic dominance and setting harvest rates striking at the genetic heterogeneity of stocks exhibiting peak and off years is yet another reason stocks are not sufficiently robust to rebuild when encountering a disease-related problem. Hitherto jacks (males returning to spawn at least a year or more earlier than other males of their cohort) have been used by DFO solely to predict year-class strength the following year, hardly an appropriate use for individuals whose function is to unify separate subpopulations, cohorts or lines (roughly synonymous terms) into a single unified stock, speaking from a strictly utilitarian point of view, although it is likely useful to view any particular stock as a superorganism producing different phenotypes that execute specialized functions, not unlike social insects producing soldiers, foragers and other specialized castes. Several discrete phenotypes were found to exist in the Adams River sockeye population studied. Adams River sockeye produce age 3, 4, 5, and occasionally age 6 spawners (only produced once outside the 23 range of data analyzed), however 3-year old jack spawners are strictly males, there are no jills which likely relates to resources required to ripen eggs by females. Fry may spend either one or two summers feeding on plankton in freshwater nursery lakes prior to beginning their migration to sea and smoltification (where the conventional notation of 42 indicates a single summer spent in lake residency, with 3 summers being spent feeding at sea prior to returning to spawn with the "2" normally represented as a subscript). Thus several different life-history tactics are available to both genders where spending either 2-, 3-, or 4-summers at sea prior to returning to spawn are among the options available. It is instructive that although they're rare, sockeye having similar body size as jacks may return to spawn at age 4 after 2 summers spent feeding in Shuswap Lake with spending a second summer in the lake indicating overshoot of habitat carrying capacity by a year class. Failure to smolt after a single summer of freshwater growth places similar fish in competition for freshwater plankton resources with the cohort following their own, with both 5 and 6-year olds (when produced) spending 2 years in Shuswap Lake and either 3 or 4 years at sea similarly representing overshoot of habitat carrying capacity. A second summer spent in the nursery lake is not unlike being "kept back" or failing a grade in school and whether insufficient resources in the habitat or overproduction of offspring is the cause, the results are similar. Overshoot in a lake habitat has more deleterious effects on the cohort following owing to inter-cohort competition since freshwater plankton resources are limiting, whereas the ocean has what can be considered limitless plankton resources. Hoar (1958) suggested migration in Pacific salmon evolved to exploit ocean resources when freshwater resources became limiting, however, many sockeye populations are lake resident as kokanee their entire lives despite having ocean access, but attain a what is usually a smaller size at maturity than ocean-going stocks. Table 1 was included to illustrate the phenotypic resources of spawners and their offspring produced by different lines in relation to the phenotypes available to Adams River sockeye as a percentage of the total population. Guided by the assumption freshwater resources are limiting, only 0.36% of spawners reflect overshoot of habitat carrying capacity, with only 0.67% of offspring having to spend an additional summer in freshwater indicating the r parameter is very close to being optimal based on the assumption that sub-3 fish would fail to be produced whatsoever were r optimal. Table 2 illustrates the investment by each line in particular phenotypes. Line 1 produces 72% of fish resulting in huge numbers of jacks returning to spawn with Line 4's 4-year olds and an average of more than 12 jack males for each adult sockeye male or female on the Line 4 spawning grounds for the 6 years of data tabulated for that line (only 5 years of data were analyzed for Line 3), but the percentage of jacks produced isn't that different from two of the other lines, with Line 3 being the anomaly producing an higher percentage of jack offspring than the other 3 lines combined. Table 2 further illustrates some lines specialize in the production of particular phenotypes, with Line 4 producing nearly 5.6 times as many 5-year old sockeye as all the other lines combined, but line 4 spawners never produced 5-year old offspring spending only a single season in freshwater. All 5-year olds produced by Line 4 required a second summer of freshwater growth similarly illustrating that some phenotypes were never or rarely produced on a per line basis. The abundance of jacks produced by Line 1 likely results in the majority of Line 4 females' eggs being fertilized by jacks who would normally be unsuccessful in obtaining fertilizations being driven off by hooknoses (4 and 5-year old males) resulting in the "frequency dependent selection" described by Gross (1985). The foregoing is illustrative of the interpretation of data any scientist should undertake, where collecting data is only part of the job. Explaining the data and fitting it to theory is a necessary component of the scientific method and one that appears far too rare among the current crop of DFO scientists. A Bill Ricker isn't likely to come along every day and is more likely to be produced only once per century. Given Bill Hoar was similar in that regard, DFO scientists have at least a couple Bills to catch up on. Only if fisheries scientists can put themselves in the shoes of a species assemblage willing to sacrifice their own lives to obtain reproductive success will future generations know wild fish and how they differ from a domestic product. Einstein apparently said "It is a miracle that curiosity survives formal education". Pacific salmon need more miracles. 
Recommendations this contributor would propose are: 
1. Obtain data from DFO on counts of dead sockeye since 2001. Subpeona the data or witnesses who can produce it if required. When DFO was asked some years ago for a report from Atlantic and Pacific regions on standing crops by the Auditor General (I believe it was Kenneth Dye), he received no reply and did not obtain the data requested. If all other Canadians are accountable to the Auditor General except Federal government employees, how can the rest of us obtain similar immunity? The game played by DFO employees who have "a job for life" is not unlike others in the "civil service" (or tenured university profs) waiting for the next Minister of _______ to be appointed, who by the time the latter has learned the job, their powers and been stonewalled a sufficient number of times by civil servants, they're replaced by a new minister of ________ who is totally "green", not implying them having conservation concerns, but "wet behind the ears". I've never particularly liked having my time or money wasted by deadwood waiting to obtain a pension stonewalling those whose job it is to manage managers, with "civil servant" currently as much an oxymoron as military intelligence. 
2. There must be existing data on the experiments DFO initiated on Parvicapsula infectivity, but the author is unaware of any publications from that work unless Crossin's 2008 publication reports those experimental results. Even if Parvicapsula infectivity research was begun as late as 2001, expections are something would've been published in 3-4 years at the outside. Many of my "truly green" friends believe DFO's will is to replace wild salmon with farmed salmon. A good deal of DFO's research likely already addresses problems fish-farming concerns believe are deserving of expenditures of taxpayer resources. Using government funds taken from taxpayers pockets to finance research benefitting multinational corporations so production of Atlantic salmon in netpens continues with any escapees impacting wild Pacific salmon stocks, with pens increasing the incidence of sea lice and disease for outgoing smolts and enhancing ocean eutrophication may be good for both multinational profit margins and DFO retirees obtaining subsequent employment, but isn't accountable to taxpayers, aboriginals for whom salmon are a totemic animal or the continued survival of what at one time were spectacular runs that already had begun precipitous declines prior to Parvicapsula. Streamkeepers did counts of dead spawners in small tributaries and nursery streams several decades ago so a database on streams producing only a few coho or Pink was maintained with mixed-stock fisheries likely resulting in extirpation of similar small populations when coinciding with economically-important runs in discrete geographic areas. DFO no longer knows how many spawners small nursery streams produce because streamkeepers were discontinued, and despite being reestablished in the past decade and a half, streams currently benefitting from streamkeeper efforts comprise only a fraction of the former number. In the lower 48 states, extirpation of salmon from 40% of the rivers where they were once endemic has occurred (Lichatowich 1999) and BC isn't likely to be far behind. DFO currently concentrates the majority of its efforts on large index rivers having economically important runs, yet the results of management of even economically important stocks are not particularly encouraging. My father used to say "take care of the pennies, the dollars will take care of themselves". It appears DFO employees and managers deem themselves too important to be accountable to taxpayers or care for the small populations of wild fish that once were their mandate. Were children of taxpayers a commodity to be exploited, they'd be listed on NASDAQ. Pacific salmon should be accorded equal or greater reverence given their tenure on the Pacific coast. 
3. I don't know whether 7.5 km is an adequate outfall for a sewage treatment plant, but given the economic and cultural value of the fish migrating into and out of the river, wonder in retrospect whether the engineers who planned the outfall had any knowledge of tides, prevailing winds or whether similar topics are addressed in engineering school. Apparently Sturgeon bank was destroyed as habitat for newly-migrated smolts from the inshore area south of the Iona sewage jetty (Terry Slack pers. comm.) with Roberts Bank similar. Variable tides and prevailing winds currently distribute sewage waste from the outfall throughout lower mainland waters, but primarily into the north, middle and mainstem entrances of the Fraser on flood tides. The Iona discharge is also highly chlorinated during spring, summer and early fall owing to health issues on Burrard Inlet bathing beaches which may further affect downmigrating smolts (ibid). Water hyacinths were used some years ago in a pilot project in Montreal to remove heavy metals, toxins and nitrogenous waste from sewage and are now being used elsewhere with additional spinoff benefits anticipated from harvesting and processing hyacinth biomass (however use as animal feed as proposed in the latter link is discouraged owing to bioaccumulation). Secondary sewage treatment with a biological species (duckweed is apparently also efficacious) might result in nearly potable water being discharged from Iona and the 3 secondary inriver plants, reduce outfall water temperature and eliminate ammonia as two of the hazards both outgoing smolts and incoming adults currently must content with. Water hyacinths can be grown year-round in a mild climate like Vancouver although supplementation of artificial light may be necessary during the winter months, however, can be accomplished at low cost given recent developments using sulfur plasma. Wastewater going into the river should be tested for O2 prior to being discharged if it isn't already, and if coinciding with salmon smolt or adult migration, saturated with oxygen, particularly for the 3 inriver plants so Parvicapsula-infested adults aren't further handicapped by low O2 saturation in their upstream migration to their natal streams to spawn and die. In accomplishing the latter sockeye spawners not only provide their offspring the responsibility for perpetuating their genes, but import limiting nutrients from the ocean back to the nursery lake not normally found in any quantity in freshwater ecosystems. As such, salmon should be considered a "keystone species". Research in the Great Bear Rainforest and Alaska has shown large specimens of Douglas fir and western red cedar benefit from the carcasses of salmon partially eaten by bears and abandoned. Cores of trees taken in close proximity to waterways contain limiting nutrients in quantities that could only have come from the Pacific reflecting their privileged upbringing in attaining larger sizes than trees further removed from streams, with the latter having core samples with substantially reduced quantities of the same limiting nutrients. 
4. Declare a moratorium on fishing in the Fraser until the mode of Parvicapsula infestation has been determined and control measures implemented and cyclic dominance is understood sufficiently in all runs exhibiting the phenomena given that none of the published research on the topic has provided a satisfactory explanation for its adaptive significance. Commissioning a study on cyclic dominance would be welcome despite Walters' and Staley's (1987) claim dominance fails to exist. Adams River sockeye situated nearly 74.4% of total offspring production in Line 1, nearly 24.9% in Line 2, with lines 3 and 4 splitting the remaining 0.75% between them for the 23 years of data analyzed, but the fishery removed phenotypes in different proportions resulting in Line 1 having 81.1%, Line 2 nearly 18.4% and Line 3 and 4 having slightly more than 0.5% of total escapement reaching the spawning grounds. Higher intrinsic rates of increase (r) were found for Line 3 fish (18.3 offspring returning/female), with r being lower for Line 2 (14.3 offspring returns/female) and the lowest for Line 1 (6.8 offspring returns/female) as predicted by r- and K-selection theory with all of the former significantly different, however higher variance in Line 4 reproduction resulted in no significant differences (37.8 offspring returns/female) compared to the other 3 lines where returns describes fish either caught by the fishery or returning to the spawning grounds. While that was only one of the 10 predictions tested, Adams River cohorts had been placed on a density continuum a priori with Line 1 predicted to be strongly K-selected and Line 3 predicted to be most strongly r-selected based on cohort size alone. Contrary to Staley and Walter's supposition (ibid), Adams River sockeye have maintained Line 1 dominance since 1914. Prior to the slide at Hell's Gate blocking spawner passage, Line 4 was dominant. Regardless of which line is dominant, dominant line fry likely drive lake zooplankton populations down in numbers with many larger zooplankton species nearly disappearing by the time smolts belonging to the line in the wake of the dominant line leave Shuswap Lake as smolts, but limited grazing by Line 3 and 4 allows the habitat to lie nearly fallow and larger zooplankton species to make a numerical comeback. Size-selective predation by fish on zooplankton has been extensively investigated but Brooks and Dodson (1968) produced the seminal publication on this topic. Cyclic dominance is thus an highly effective means of insuring the Shuswap Lake habitat is cropped efficiently and insures there is a shifting balance between density-dependent (Line 1 and to a lesser extent, Line 2) and density-independent population growth (Lines 3 and 4) promoting genetic heterogeneity of the stock as a whole which should be appropriately viewed as an extended kin group. However, there are other reasons cyclic dominance is adaptive where preventing overshoot of habitat carrying capacity (K) is accomplished by precisely setting the intrinsic rate of increase (r) of each line where 4% of the population undertaking genetic migration (Bull et al. 1987) regulates the other 96% by providing both gene flow between adjacent cohorts and outbreeding opportunities and what amounts to feedback in the proportions of amodal spawners produced by each line undergoing genetic migration to spawn. To place what is currently happening to Fraser sockeye in an historical context, the r parameter in the Verhulst equation from which r- and K-selection theory was derived has also been termed the Malthusian parameter. Thomas Malthus predicted human populations would undergo disease, famine and pestilence owing to exponential increases given the apparently linear increase in resources (1826). Malthus' predictions resulted in Darwin coining the phrase "the struggle for existence" with many of the ideas from his On the Origin of Species (1859) coming from reading and considering Malthus' predictions just as Verhulst derived his equation from the same source. But the primary resource sockeye fry depend upon for their own survival is the decomposing carcasses of their parents fertilizing their nursery lakes. For decades fishermen have been harvesting sockeye adults while allowing only a fraction to escape the fishery and return to Adams and other sockeye fry spawning rivers and lakes. Overall, 96% of Adams River fish matured as 4-year olds, 3.5% were 3-year old males and 0.5% were male or female 5-year olds of the 43+ million fish analyzed, with only 11+ million not taken by the fishery (26%) and permitted to spawn in the 23 years of data analyzed, but only 4% of fish make a significant contribution to the stock as a whole by providing gene flow between adjacent lines comprised primarily of 4-year old spawners. Jacks (precocious 3-year old males) have been described for decades in all species of Pacific salmon except Pink having a 2-year life cycle and they, or more likely adults reaching maturity as 3-year olds, must occasionally be produced by the latter species given a single introduction of Pink to Lake Superior in 1956 resulted in establishing self-sustaining populations in both odd and even years. Biologists examining the adaptive significance of a semelparous species having some proportion of individuals maturing a year earlier (or later) than the modal age appears to be a rarity (for an exception see Gross 1985 and related publications). Many hatchery managers excluded jacks from captive breeding programs for decades because the smaller males were believed inferior, despite completing their life cycle a year or more prior to other individuals in their cohort, with the response of hatchery populations subjected to artificial selection practices increasing the proportion of jacks produced. Hubris is still alive and well in fisheries biology with those spending a few years in school believing they know more than the species who evolved the breeding system they choose to modify being a paradigm. Without 3- and 5-year old fish in sockeye and other semelparous species (the author refers to them as amodal spawners), the 1914 slide at Hells Gate would have resulted in no spawners returning every 4th year (1918, 1922...2010), so 3- and 5-year old sockeye are also a bet-hedging tactic if an environmental calamity destroys an entire year class. Furthermore, because all sockeye die following spawning, no gene flow can exist between adjacent lines without production of 3- and 5-year olds and 4 separate populations would come to exist sharing the same freshwater habitat for rearing their young, with subpopulations existing in different years with a situation eventually existing similar to that described in Hardin's "The tragedy of the commons" (1968) where one line (baby boomers are analogous among North American humans) leave a degraded habitat for their children and subsequent generations to content with. The presence of 3- and 5-year old spawners thus increases effective population size (Ne) linking lines to one another to form a larger metapopulation (stock) promoting genetic heterogeneity and insuring no individual cohort overshoots carrying capacity too severely by overproduction of offspring having a deleterious effect on the cohort following their own sharing a common resource. Inbreeding is well-known by breeders to inhibit fecundity and result in accumulation of deleterious and lethal recessives (Lerner 1954) and explains why zoo's currently maintain strict policies of periodically outcrossing captive breeding populations (Lande 1988). In Adams River sockeye, the nursery habitat of Shuswap Lake and its plankton resources are critical to stock perpetuation. Links between cohorts by jacks and 5-year olds thus permit outcrossing opportunities, reduce inbreeding risk and provide feedback between lines with different phenotypes having either stimulatory effects or depressing fecundity (Donnelly unpublished). Adams River sockeye maintained 1% gene flow overall between lines for the 23 years of data analyzed (ibid). Only production of 6-year old spawners permits Line 1 and Line 3 individuals getting together on the spawning grounds with gene flow between those lines normally accomplished only by proxy whenever 3- and 5-year old fish spawn with one another, with Line 2 and Line 4 cohorts knowing similar reproductive isolation (ibid). Have any competent population biologist address these points if you have any reservations regarding the importance of age-structure, particularly in semelparous populations (Charlesworth 1980). What is required by humans who've been harvesting sockeye for decades is that they learn more about their breeding systems and population dynamics prior to causing widespread extirpations owing to mismanagement of stocks having life-histories a century of research has failed to penetrate. Some fisheries biologists have advocated "causing a perturbation" as a management tool to determine how biological systems respond. Sockeye likely appreciate similar management tools in their lives as little as most human beings. Those playing God in the lives of other lifeforms should have only benevolent intent accompanied by justifiable trepedation they might conceivably do more harm than good by guiding their actions using the precautionary principle. Similar biologists should stick to modeling systems where a population crash doesn't result in extirpations of genetic diversity that might've continued uninterrupted had someone's morbid curiosity not gotten the best of them.
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Attached Maps and Tables:
Map 1. Fraser mouth to Mission bridge.
Map 2 . Iona Island sewage treament plant and approximate location of outfall into Strait of Georgia.
Table 1. Percentage of spawner and offspring phenotypes in Adams River stock.
Table 2. Proportion of offspring phenotypes per line in Adams River stock. 
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