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Introduction


The fishing industry is an important economic part of Alaska. The Pacific salmon that so many Alaskans rely on for subsistence, wages, and a general way of life, has been studied for many years. The survival of these fish is an important subject that needs to be studied thoroughly. Most studies on the juvenile salmonids have been concentrated on fry large enough to prey upon macroinvertebrates (Dill et al. 1981, Nielson 1992, Wipfli 1995). There is a real void of information regarding the initial prey preference of the newly emergent fry of the coho salmon, Oncorhychus kisutch, and this is one of the reasons for this proposed research. The survivorship curve for coho fry is very steep prior to the fry being large enough to prey on macroinvertebrates (Crone and Bond 1976). For the fry to survive from the yolk fry stage to the fingerling stage, they must be consuming something. Meiofauna are the expected prey of these salmonid fry, but there have been no studies to confirm or reject this idea.

All five species of Pacific salmon die after spawning only once, i.e., they are semelparous (Sandercock 1991), but some other anadromous and catadromous species including Atlantic salmon (Salmo salar) live to reproduce more than once (iteroparous).  Iteroparity allows species to spread the risk imposed by unpredictable environments. Proximate (physiological) versus ultimate (evolved) reasons are often cited for death of the salmon, but they may have an evolved strategy of dying to indirectly provide food for their offspring.  Recent studies have shown that salmon carcasses enrich streams (Schult and Hershey 1995, Bilby et al 1998, Wipfli et al 1998, Cederholm et al 1999) and are directly used by macroinvertebrates as food (Wipfli et al 1998).  The invertebrates may then be consumed by young salmon (Dill et al 1981, Nielson 1992, Wipfli 1995), but first they must grow to a size large enough to consume macroinvertebrates. Presumebly this is by eating meiofauna, and this is one hypothesis my research will address.

Objectives

The objectives of this study will be to determine whether:

1.
Coho salmon fry consume meiofauna after the yolk-sack fry stage until they grow to a large enough size to eat macroinvertebrates. 

2.
Coho salmon fry alter densities and community structure of stream meiofauna assemblages.

3.
Coho carcasses provide nutrition to their fry via increased meiofauna and macroinvertebrate production, using stable isotope analyses and feeding studies.

4.
Salmon carcasses enhance meiofauna production, using controlled experimentation in artificial streams.

5.
Coho salmon fry have a higher survivorship and growth in stream channels that 

have higher meiofauna densities. 

Study Site

The study site is North Rush Point Creek (NRPC), a second order stream within Glacier Bay National Park that is about 6.8 km long with an average gradient of 0.045 m/km (Soiseth 1995). Glacier Bay National Park is located in southeast Alaska and is the northern entrance to the Inside Passage. Artificial streams will be set up about one half kilometer upstream where a small tributary that coho use to spawn enters NRPC.  Other tributaries to NRPC will be used in this study for collecting the post yolk fry for stable isotope analysis, feeding studies, and artificial stream experiments.

Methods

The artificial streams will be designed to represent the existing streams that they will be fed from. They will imitate a slow flowing tributary draining into North Rush Point Creek.  The flow will need to be maintained at approximately 3-5 cm/sec. This has been determined to be the optimal flow for maximum colonization of meiofauna (Palmer 1992; Pope 1999; Smith 2000). The artificial streams will be constructed of 2’ x 8’ x 3/8” painted plywood. Each sheet of plywood will have a set of three streams. This will constitute a block. Blocks will be designed to allow attachment to the next block. Each 

stream will be approximately 0.2 m wide, 2.44 m long, and 0.2 m deep. A single mixing box will be constructed and placed in the tributary and a supply line will run to each of the stream channels. The mixing box will contain baffles to homogenize the water before it is distributed to the stream channels in a given block.  Each channel will be lined with 0.01 m thick Styrofoam on the bottom before the stream substrate is added. The Styrofoam will act as a plugging agent for the coring tube. The substrate used in each channel will come from the tributary and be 0.1 m deep. This depth was chosen because past research has shown that the greatest abundance of organisms are located in the top 0.1 m of substrate (Marchant 1995).  Water will be gravity fed into the channels from the mixing box. Water depth will be maintained at 0.08 m deep above the substrate. A 0.025-m diameter outflow pipe will be built into each channel and will be used to collect drifting meiofauna. The inflow and outflow pipes will be covered with 0.0005-m mesh nylon cloth to prevent predators from entering or leaving the channels. The channels will be allowed to colonize with meiofauna for five days after the fish (predators) are added to the channels.

The fish used in this study will be collected from the tributaries of North Rush Point Creek. A small portion of the fry from each tributary will be used so as to minimize the impact on any one population. Fry from several tributaries will be captured and preserved to determine prey preference in the streams. The stomachs of these fry will be preserved in 70% isopropyl alcohol and the remainder of the fish frozen. The frozen fry will be used for stable isotope anylysis.


Meiofauna collection will begin after five days of colonization. Recent studies have shown that this is an appropriate length of time for the colonization of the meiofauna into artificial stream channels (Pope 1999, Smith 2000). Collecting will commence between 2000 and 2200 hours, which Shram et al. (1990) indicated was the diel peak for drifting meiofauna, and between 1000 and 1200 hours, which should be when the drifting meiofauna should be at a minimum. Drifting meiofauna will be collected by sampling 30 L of water from the outflow pipe and pouring it through an 80 (m mesh plankton net. Benthic meiofauna will be sampled with a core sampler after the drifting sampling is complete. Two core samples per stream will be collected, one at the upstream end and one at the downstream end. These two core samples will be combined to make a single sample. Benthic samples will be concentrated using a swirl and decant method (Palmer 1990; Pope 1999). The sample will be filtered through an Wisconsin bucket equipped with 80 (m netting.  Meiofaunal samples will be preserved using 70% isopropyl alcohol with Rose Bengal. The Rose Bengal is a staining agent, which will stain the organisms, making them easier to identify. In the lab, meiofaunal samples will be sorted and organisms identified to the lowest taxon practical using dissecting and compound microscopes.

A small number of fry from the artificial stream channels will be randomly chosen and have their stomach extracted and preserved throughout the study. The remainder of the fry carcasses will be frozen for stable isotope analysis. Sampling will be done at the same time as the meiofauna sampling. Stomach contents will be preserved and analyzed. The electivity index will be used to indicate either avoidance or active selection of various prey (Koening et al. 1987).

Stable isotope ratios of carbon and nitrogen will be analyzed for muscle tissues of adult female cohos and post-yolk sac fry.  Stable isotope analysis will also be performed on detritus, biofilm, meiofauna, and aquatic macroinvertebrates (Bilby et al 1996).  Tissues of salmon returning from the ocean will have stable isotopic ratios distinct from fish that have been feeding for an extended period in fresh water habitats (Kline et al 1990, Kline et al 1993, Bilby et al 1996, Doucett et al 1996). The stable isotopic ratio “signal” of adult salmon carcasses may appear in the meiofauna, and subsequently in the salmon fry after they consume the meiofauna.  It may also be traceable through macroinvertebrates to the fingerling cohos. Hopefully, the SI signals and feeding behavior of the coho life stages and their prey will help to determine whether or not salmon increase their fitness by dying in the spawning areas.

The first and second objectives will be studied using the artificial streams and field collections. Natural densities of fry from the streams will be determined and used in three channels with a natural density of meiofauna in them and in three channels with a reduced density of meiofauna. A second series will have twice the natural density of fry and three channels with a natural density of meiofauna and three channels with a reduced density of meiofauna. A third series will have only three channels with the natural density of meiofauna. This last series will be our internal control. 

For the field observation portion of this study, every five days, starting from the approximate time of the fry’s emergence from the gravel, a small sample  coho fry will be collected from three tributaries on North Rush Point Creek to determine the gut contents at that size of fry. The stomachs will be extracted and preserved. Comparisons of prey preference between tributaries will be conducted. The stomach contents will be preserved in 70 % isopropyl alcohol and analysis will be conducted back at the University of Arkansas lab. The same procedures will be used as in the artificial stream channel study.   

Meiofauna samples will be taken on the same dates and at the same locations of the fry. Drifting meiofauna samples will consist of filtering 100 liters of water from each site. A pump and large (30 liter) graduated cylinder (bucket) will be used to collect the sample. These will be taken first before any disturbance occurs. Benthic samples will be taken with a core sampler and the swirl and decant method will be used to concentrate the samples. The samples will then be filtered through an 80 (m plankton net. Two benthic and one drifting meiofaunal samples will be taken on these sampling dates and locations. The samples will be processed back in the University of Arkansas labs.  

Objectives three, four, and five of this project will consist of placing partial salmonid carcasses in the artificial stream channels to study the influence of this input of nutrients on meiofaunal density and community structure. The salmonid carcasses will consist of partial salmon carcasses obtained from North Rush Point Creek. A series of artificial stream channels will be used in this experiment. Six channels will have normal densities of meiofauna in them and three of these will have carcasses at a density about normal for the natural streams. Meiofaunal samples will be obtained every five days as the carcasses decompose. The samples will be processed the same way as earlier stated. The channels without the carcasses will be compared to the channels with the carcasses for meiofaunal composition and density.

Objective five experiment will consist of a series of nine artificial streams with a natural density of fry in them. Of these streams, three channels will have carcasses and meiofauna in them, three will have no carcasses but will have meiofauna, and the last three will have no carcasses and no (extremely limited, anyway) meiofauna. A comparison of these channels will be conducted to determine changes in fry survivorship and growth in relationship to these different conditions.

Since there are several objectives that use the same configuration of fry/meiofauna densities, many of the channels will be used for multiple objectives to minimize the impact to fry populations. A total of 21 channels are all that will be utilized. A minimum number of fry will be used for these experiments.

Expected Results


This study might conclusively answer the question of whether salmon die to increase fitness of their offspring and therefore themselves. The strength of this part of the study depends largely on the “signal strength” of the stable isotope analyses in the stream community. Regardless, this is an interesting question to pose, and this study will contribute to an answer. 

The literature is seemingly replete with salmon life history studies, but not of what may be the most critical stage- the post yolk sac fry. This study will determine the food of this stage for the coho, and the size at which they change to macroinvertebrate prey. Although the study addresses mainly questions of interest to evolutionary and community ecologists, it also has management implications for coho salmon, which are economically important fish. Production of coho appears to depend largely on their early survivorship, which may depend on meiofauna abundance. Managers may need to consider impacts of their decisions on retention of salmon carcasses and on meiofauna in other ways.
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