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Abstract

Terrestrial invertebrates may be an important food source for salmonids, especially where aquatic invertebrate production may not be sufficient to sustain viable communities in less productive sub-arctic streams. The role of terrestrial invertebrates for juvenile Chinook salmon, particularly in larger rivers, is not well understood within their range.  This study will use an interior Alaskan river, the Chena River, and 0+ juvenile Chinook salmon to study the seasonal importance of terrestrial invertebrate subsidies for the diet of juvenile Chinook salmon.  In this study, I will determine the seasonal patterns and quantity of terrestrial invertebrate input to the Chena River.  Juvenile Chinook diet will also be sampled. Combining these two data sets, I will investigate the relationship between invertebrate inputs into the Chena River and their importance in the diet of juvenile Chinook salmon.  
Introduction and significance

Streams and their adjacent riparian zones are closely linked by flow of materials and the movement of organisms. The basic components of all food webs —nutrients, detritus, and organisms— all cross spatial boundaries (Polis et al. 1997).  Stream food webs derive the base of their energy from both autochthonous (in stream) and allochthonous (terrestrial) sources.  In mixed coniferous and deciduous forests, the terrestrial inputs to streams include terrestrial invertebrates, coniferous needles, deciduous leaves, and woody material ranging in size from small twigs and bark to whole trees.  Past research has focused on the impact of leaves, needles, and wood infall into streams (Cummins et al. 1989).   The effect of detritus on aquatic invertebrate communities is one of the most researched areas of terrestrial inputs into streams (Vannote 1980, Cummins et al. 1989, Wallace et al. 1997).  Additionally, the importance of aquatic invertebrates as a food source for fish is well studied  (Allan 1995).  

Terrestrial invertebrates that come from the surrounding riparian zone are another food source for fish that is now recognized and studied in controlled ecological studies (Garman 1991, Nielsen 1992, Edwards and Huryn 1995, Wipfli 1997).  Terrestrial invertebrates are invertebrates that live primarily on terrestrial vegetation and the ground.  These invertebrates fall into the stream when searching for both food and water, or by accidentally dropping from riparian vegetation.  Allen (1951) found that annual aquatic invertebrate production appeared insufficient to support the brown trout population in the Horowiki Stream in New Zealand. This became known as “Allen’s Paradox”.  Part of the solution to “Allen’s Paradox” is thought to be the supplemental food that terrestrial invertebrates provide to fish (Edwards and Huryn 1995, Bridcut 2000, Allan et al. 2003).  Allen et al. (2003) found in southeast Alaska that terrestrial invertebrates provided roughly half of juvenile Coho’s energy supply during a summer’s growing season.  Nakano et al. (1999) found that when the terrestrial invertebrate input was blocked, fish consumption of aquatic invertebrates increased, thereby determining that during summer, the rate of terrestrial invertebrate input into the stream controlled the effects of predatory fish on a stream food web.   

In the diet of salmonids, the quantity and rate of terrestrial invertebrate consumption has been the subject of many recent studies (Nielsen 1992, Wipfli 1997, Nakano et al. 1999, Allan et al. 2003, Kawaguchi et al. 2003, Baxter et al. 2005).   Nielsen (1992) found that terrestrial invertebrates composed 69% of the total energy intake of juvenile Coho salmon who were not part of dominant/subdominant hierarchy; while terrestrial invertebrates made up only 12% of the total energy content for the juvenile Coho in a dominant/subdominant hierarchy.   Wipfli (1997) reported terrestrial invertebrates made up over 30% of prey ingested, but 50% of the biomass consumed by Dolly Varden, juvenile Coho salmon, and cutthroat trout in Southeast Alaska.   In Japan, Kawaguchi and Nakano (2001) found terrestrial invertebrates composed 53% of prey ingested for the annual diet of the masu salmon, rainbow trout, white-spotted char, and Dolly Varden. 

Whereas in New Zealand, Edwards and Huryn (1995) found that terrestrial invertebrates supported only 5% of annual brown trout production.  Furthermore in Scotland and Ireland, terrestrial invertebrates are important for the diets of adult brown trout and Atlantic salmon, but less so for the juveniles of both species (Bridcut 2000, Dineen et al. 2007).   In subyearling juvenile Chinook salmon from riverine and reservoir habitats of the Columbia River, Rondorf et el. (1990) found that terrestrial invertebrate consumption increased (by weight) in the diet as the river changed from riverine to mid-reservoir to front of the reservoir.  

Beyond differences of terrestrial invertebrate input worldwide, season is a variable that can influence terrestrial invertebrate input into streams (Edwards and Huryn 1995, Wipfli 1997, Bridcut 2000, Allan et al. 2003). In temperate regions, terrestrial invertebrate inputs are important sources of prey for salmonids in early spring and late fall (Cloe III and Garman G.C 1996, Nakano et al. 1999, Bridcut 2000).  In northern regions, the seasonal difference and importance of terrestrial invertebrate input should be better understood.  Particularly, since the diversity and population levels of terrestrial invertebrates could influence the production and population levels of juvenile salmonids (Wipfli 1997).  Plus terrestrial invertebrate input is likely to have consequences for fish production (Edwards and Huryn 1996, Wipfli 1997, Allan et al. 2003).  One area where little is known about the input of terrestrial invertebrates and the diet of juvenile Chinook salmon is in interior Alaska where streams and rivers are most likely less productive than in more temperate regions.   

Very little has been published on the ecology of juvenile Chinook in interior Alaska as compared to the literature on juvenile Chinook in the lower contiguous United States and southeast Alaska - both of which have longer nights and more temperate climates than interior Alaska.  This is important because what has been learned about juvenile salmon ecology elsewhere is not necessarily applicable to these populations which experience extreme diel cycles due to the proximity to the Arctic Circle.  For example, evidence suggests that juveniles hatched in the Chena River rear and overwinter in the Chena; rather than dropping downstream into larger rivers and then moving back up into non-natal streams which is what juvenile Chinook are thought to do the rest of the Yukon drainage (Bradford et al. 2001) .  

In interior Alaska, the Chena River is an important spawning and rearing stream for Yukon River Chinook salmon.  Native Alaskans along the Yukon River rely heavily on salmon for subsistence. These salmon are also important for commercial and personal use fisheries in the Chena, Tanana, and Yukon River watersheds.  Due to it’s proximity to Fairbanks, there has been and will continue to be development on the Chena River.  Human activities in forests and riparian zones can influence invertebrate communities by directly influencing food and shelter resources for invertebrates; and thereby influencing food resources for species that prey upon these invertebrates.  Thus, understanding terrestrial invertebrate input and the role of terrestrial invertebrates in juvenile Chinook diet in the Chena River is important for managing sustainable Chinook salmon populations. 

In this study, I will conduct a detailed analysis of the seasonal quantity and type of terrestrial invertebrates entering the Chena River and their importance in the diet of juvenile Chinook salmon.   This study is part of a larger project, the Ecology and Demographics of Chinook Salmon.  The project goal is to improve the understanding of how ecological processes regulate population size and generate annual variability in the abundance of adult Chinook salmon returning to the Chena River.  The larger project incorporates four different studies examining several aspects of the stream environment and community including: primary production, predation, food availability, growth of juvenile Chinook, and adult Chinook spawning numbers.

Study Goals and Objectives

Study Goal

Determine the seasonal and temporal variability of terrestrial invertebrates entering the Chena River, and the importance of these invertebrates in the diet of juvenile Chinook salmon.

Objectives

1) Investigate the seasonal pattern of terrestrial invertebrate input into the Chena River
Hypothesis: Terrestrial invertebrate input into the Chena will peak in early to mid summer.  There will also be a second peak in late summer when invertebrates with over-winter generations emerge.  

Rationale:  What is known about life-history stages of arctic and sub-arctic terrestrial invertebrates indicates that the majority emerge in the beginning of the summer.  These invertebrates will emerge in early to mid-summer to take advantage of the days that are warm enough to provide acquisition of enough energy for growth and life.  This will most likely be the highest peak in terrestrial invertebrate input into the Chena.  The second highest peak should occur in fall when invertebrates that have a multi-year life cycle emerge to over winter. 

2) Determine juvenile Chinook diet in the Chena River over their first summer and determine seasonally the proportion of terrestrial invertebrates to aquatic invertebrates consumed

Hypothesis:  Terrestrial invertebrates will a lower total proportion in the diet of juvenile Chinook salmon in the early part of the summer (May/June), but will play a significant role in the diet of juvenile Chinook salmon during the fall (September/October).

Rationale:   When juvenile Chinook salmon emerge from the gravel their feeding capability is restricted mostly to small aquatic larvae. Thus, terrestrial invertebrate input will most likely be of little importance.  Later in the summer when juvenile Chinook have increased in length and size, terrestrial invertebrates may potentially play a larger role in their diet. Additionally towards the end of the summer, aquatic invertebrate production will most likely have decreased which should lead to an increased consumption of terrestrial invertebrate prey.  

3) Investigate the relationship between invertebrate inputs into the Chena River and their importance in the diet of juvenile Chinook salmon

Hypothesis: The early summer peak of terrestrial invertebrate input will not be reflected in a high percentage of terrestrial invertebrates consumed. During this early summer period, aquatic invertebrates will make up a greater percentage of juvenile Chinook diet.   In the late fall, the second peak of terrestrial invertebrate input will reflect a higher percentage of terrestrial invertebrates consumed.

Rationale:  The peaks in terrestrial invertebrate input will most likely occur in early to mid-summer and in late fall.  The diets of juveniles will not follow this exactly as the juvenile Chinook are known to highly consume aquatic invertebrates.  Thus, juvenile Chinook will eat a higher proportion of terrestrial invertebrates in the end of the summer when aquatic invertebrate production will most likely have decreased.  

Study Site

The Chena River’s headwaters are in the Tanana Uplands. The river flows approximately 252 km from the uppermost reach of the East (Middle) Fork to its confluence with the Tanana River at the edge of Fairbanks.  The upper portion of the Chena River flows through boreal forest which is dominated by white spruce, with the occasional balsam poplar, Alaska paper birch (Betula neoalaskana) and quaking aspen (Populus tremuloides). In the lower river, the willow species (Salix spp.) and alder (Alnus spp.) also gain importance.  

The Chena River watershed is approximately 5,130 km2 and has five major tributaries: the North Fork, West Fork, South Fork, East (Middle) Fork, and the Little Chena River.  Recorded since 1968, the average annual discharge at the USGS Two-Rivers gauging station has been approximately 20 cubic meters per second with daily mean flows ranging  from 0.6 to over 496 cubic meters per second. Peak discharges usually occur during spring break-up in May.  The lower 40 km of the river has been developed extensively, and there is road accessibility along the lower two thirds of the river.  

The Chena River provides habitat for at least 3 salmonids: Arctic grayling (Thymallus arcticus), Chinook (Oncorhynchus tshawytscha) and chum salmon (Oncorhyncus keta). Chinook salmon spawn in the lower 150 km of the river.  Juvenile Chinook emerge from the gravel in June from redds where they were deposited as eggs.  A pilot study conducted during summer 2007 indicates that most of the juveniles concentrate in the middle reach between km 70 to km 160 of the Chena River (Figure 1).  In June, most fish were observed at the upper end of this reach, between km 110 and km 150 (a 40 km section). While in August, most fish were observed at the lower end of this reach between km 70 and 100 (a 30 km section).  We believe the movement downstream is most likely due to a search for warmer water temperature, adequate food, cover from predators, and potentially a lower predator density.  
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Figure 1: Percent of relative abundance of Chinook salmon in the Chena River.  The spring count was conducted using snorkel surveys and the fall count was conducted with minnow traps.  The three reaches will be centered on km 80-90, km 120-130, and km 160-170.  

Site Selection

In order to encompass the two seasonal peaks of fish distribution, I will have two study reaches within km 70 to km 160.  The first reach will be between km 80-90 and the second study reach will be between km 120-130. These two reaches will encompass the two highest peaks of fish distribution; one in the spring (km 120-130) and the second in the fall (km 80-90).  My sampling will occur at four pools in each of the two reaches.  Two separate surveys will be conducted within these two reaches to determine four suitable and comparable pools.  The pools chosen will need to have good juvenile Chinook habitat; which I will classify as root wads, fallen trees, and mats of woody debris.   Temperature will be measured continuously in each pool for the entire summer (Onset Corp., Hobo Water Temp Pro).  Stream properties like water chemistry, flow, turbidity, and water temperature will be obtained by another student, Emily Benson, who will be conducting her research in the riffles directly above or below the study pools.   Additionally, the width of each pool (i.e. the river) will be measured at each sampling pool.  

Methods

Objective 1:  Determine the pattern of terrestrial invertebrate input into the Chena River


Terrestrial Invertebrate Infall

To assess the terrestrial invertebrate input that falls into the river, I will collect input samples in the two study reaches as described above.  Past methods of  estimating abundance and biomass of terrestrial invertebrate input include placing sticky traps over the stream surface (Hetrick et al. 1998)  as well as pan traps (Nielsen 1992, Edwards and Huryn 1995, Wipfli 1997, Allan et al. 2003).  Sticky traps will not be used in this study, as they are only a supplemental method for quantifying terrestrial invertebrate input and primarily catch taxon that are strong fliers with a low probability of coming into contact with the water surface (Hetrick et al. 1998).  Therefore to determine the abundance, body size, and taxonomic composition of invertebrates falling into the stream, I will only use pan traps. Pan traps are designed to catch invertebrates landing on stream surface. The pan trap will consist of a white plastic pan (13-1/2" x 11-1/2" x 5-1/4”) floated with blue insulation foam on the stream surface and will be partially filled with water (Nielsen 1992, Wipfli 1997).  For camouflage, the entire pan trap/blue foam contraption will be spray painted matte black and green.  Dish soap will be added to the water to break the surface tension, such that invertebrates that drop into the pan will be less likely to be able to climb or fly out (Nielsen 1992, Wipfli 1997).   Pan traps may attract certain species, particularly winged Diptera (Edwards and Huryn 1995, Wipfli 1997).  Due to this, I will analyze my data including and excluding winged Diptera.  Pan traps will not capture small wingless invertebrates that make their way into the stream by crawling nor will they prevent all invertebrates from flying or crawling away.  Another bias with pan traps that is that there is no way to control for invertebrate dispersal from other areas or mixing due to wind (Allan et al. 2003). 

To avoid traps being clumped together in each study site I will: i) measure the pool length in meters, ii) divide this length by number of traps (3-8) on the bank and randomly select a number,  iii) measure the random number down the pool from the top of the pool  and place my first trap there, and then place the remaining two traps at intervals (1/3- 1/8)  the pool length further along.   Traps will then be placed in the nearest location to the randomly selected point that either has juvenile Chinook or looks like good juvenile Chinook habitat which I classify as root wads, fallen trees, and mats of woody debris. 

Three to eight traps will be placed along the cut bank side in each pool for a total of 9 to 32 traps per reach.  Traps will be tethered with nylon cord to overhanging tree limbs or close vegetation approximately 1 meter away from the bank.   I will run these traps for 1-3 days every week for four months, for a total of 16 sampling periods during the summers if 2008 and 2009.  If I choose to set my pan traps out for only 1 day (24 hrs) then I will set out 8 pan traps per pool, but if I set my pan traps out for 3 days ( 72 hrs) then I will have 3 traps per pool.  
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Figure 2: Schematic of hypothetical placement of pan traps.  Note the pan traps are relatively evenly spaced among the whole pool.  Each pan trap is placed near areas of likely good juvenile Chinook habitat.
Terrestrial Invertebrate Infall across the Width of a Pool

Since I will only sample terrestrial invertebrate infall on the cut bank side of the river, the question then becomes how much terrestrial invertebrate input is occurring along the rest of the pool and along the gravel bar side.  As a pilot study to determine the terrestrial invertebrate input and variability, I will sample one randomly selected pool from each of the two reaches at one time during the summer for a total of two additional extensive sampling periods.  I am still working out the logistics of this pilot study, but most likely I will choose one week in which I am sampling all my other pools.  In two randomly selected pools (one per reach), I will set out an additional 3 pan traps along the gravel bank and potentially 1 additional pan trap in the center of the pool.  These traps will be left out for only one 24-hour period due to possible disturbances such as human curiosity and boat traffic.   This pilot study will allow me to further describe the spatial variation of terrestrial invertebrate input across a pool and allow me to augment my sampling plan for next summer in case terrestrial invertebrate infall is substantial on the gravel bar side of a pool.   These pan trap samples will be sorted in the lab using the same method as my other pan trap samples.  

Terrestrial Invertebrate Analysis of Pan Traps 

In the lab, I will identify invertebrates from the pan traps to the nearest convenient taxonomic group (order, family, or genus), sort each taxonomic group into 2 mm length classes, and count the number of individuals in each taxon and length class (Wipfli 1997).  Aerial stages of aquatic insects will be excluded from the terrestrial input category.  The samples will be dried to a consistent temperature of 60 degrees Celsius and weighed.  I will develop a length/dry-weight relationship for the most common invertebrate species in order to then be able to convert length measurements into weight measurements for each invertebrate.  

I will analyze the pan traps samples to investigate the relationship between abundance, biomass, body size, and taxonomic composition of invertebrates falling into the stream.  For analysis of the invertebrates, I will group the invertebrates into the broadest taxonomic class in order to avoid bias that results from some taxa being easier to identify than others.   The input along the bank of terrestrial invertebrates to the study sites will be estimated per square meter per day.   

I will use statistical tests to analyze differences in terrestrial invertebrate input seasonally as well as among the 2 different study reaches.  From these I will produce a series of informative plots describing seasonal input patterns at each of the two reaches.   For analysis of relative input of various taxa, I will group the components at a higher level, such as class or order, to avoid biases resulting from ease of identification of particular taxa.  

 Within each year, I will use chi-square goodness-of-fit tests to examine differences among sites and between season (spring = May and early June, or summer= late June and July, or fall= August and September).   To test for variation between years, I will use a chi-square goodness-of-fit test.  Pooling data from both years will increase my sample size; but some inter-season and inter-year variation in terrestrial invertebrate input is expected.  Therefore to further examine variation in terrestrial invertebrate input among traps, pools, reach, seasonally, and eventually between periods across both years, I will use a mixed-model nested ANOVA.    

I will use a p-value of 0.10 due to probable low sample size with suspected high within-habitat variability.   Additionally, I will use linear regressions to examine the relationship between biomass and abundance of terrestrial invertebrate input and consumption to site temperature and discharge.  

Objective 2:  Determine juvenile Chinook diet in the Chena River over their first summer and determine temporally the proportion of terrestrial invertebrates to aquatic invertebrates consumed



Collecting stomach contents  

To gather data on the diet and the predation of aquatic and terrestrial invertebrates, I will collect stomach contents from juvenile Chinook by using gastric lavage, also known as stomach flushing (Meehan and Miller 1978).   In the two 10 km reaches, I will sample stomach contents from 5 fish per 4 pools within each reach  which makes for a total of 40 fish per sampling date.  The 4 pools per reach will be same pools as the ones where I am measuring terrestrial invertebrate input.    This sampling will occur every week for four months for a total of 16 sampling periods per summer during the summers of 2008 and 2009.  This will yield about 640 stomach samples each summer.  5 fish per pool x 4 pools x 2 reaches x 16 sampling dates = 640 stomach content samples. 

The juveniles will be obtained by using minnow traps, seining, nets, and any other reasonable methods that allow me to catch fish.  Minnow traps were effective in catching fish during our fall (mid-August) sampling, but where rather ineffective in the beginning of the summer (mid-June).  We may have to dip net or seine although due to the size of the Chena River these methods will be more difficult to conduct than in smaller streams.

In each sampling period we will set 10 roe-baited minnow traps at two different 10 km sections of the river for a total of 20 minnow traps for the entire length of the river.  Each trap will be fished for about 1 hour.   As previously mentioned, in the beginning of the summer we will also use seine or dip nets to trap fish if we cannot trap sufficient numbers of fish with minnow traps. From the total number of fish caught per pool, 5 fish will be randomly selected per pool to be sampled.  We will measure weight and length of each fish as well as conduct gastric lavage to assess their diet for a total of 16 sampling dates over the summer.  I will use gastric lavage as there are no other techniques available that allow for the taking of fish stomach contents without harming the fish.  

 Fish will be anesthetized in a mixture of stream water and  MS222 (tricane methanesulfonate) to minimize stress of gastric lavage.  The fish will first be laid across a measuring board for approximate length and then weighed on an electric field balance.  Next to conduct gastric lavage, a syringe will be placed down the mouth of the fish and guided down the throat to the stomach.  Water will be gently forced into the stomach and stomach contents will be flushed out the throat.  This whole process is expected to take about 1 minute per fish.  This method of stomach pumping is nonlethal and the use of syringes has been reported to be an efficient method for most young and small fish (Kamler and Pope 2001). When the fish have regained full mobility, the juveniles will be returned to where they were caught.  Stomach samples will be preserved in at least 70% ethanol.    

One potential issue with this sampling scheme is that fish may have empty stomachs.  This number is expected to be low, but either way fish with empty stomachs will be counted as regular data and sampling will continue as planned.   Another issue with this sampling scheme is the diel periodicity of fish feeding.  Since the purpose of this study is not to examine diel feeding periodicity, but to examine the seasonal periodicity of invertebrate consumption - I will deal with potential diel differences in prey selection and consumption by sampling fish diet in the afternoon.  By only sampling in the afternoon, I will assume that the fish have fed in the morning and that the samples will consist of a representative sample of what fish are eating throughout the day.   Furthermore, I am aware that as currently planned my study solely looks at diet during the day.  Therefore as a support for my diet study, I will use and take into consideration behavioral observations on juvenile Chinook foraging that will be collected by another student, Jason Neuswanger.       

Stomach content analysis

In the lab, I will identify invertebrates from the stomach samples to the nearest taxonomic group (order, family, or genus), sort each taxonomic group into 2 mm length classes, and count the number of individuals in each taxon and length class (Wipfli 1997).  Stomach contents will be categorized as terrestrial, benthic non-behaviorally-drifting aquatic invertebrates, and behaviorally-drifting aquatic invertebrates.   Any life-stage of aquatic insects will be excluded from the terrestrial category.  The samples will be dried to a consistent temperature of 70 degrees Celsius and weighed. In addition to processing the invertebrates, I will also separate out coarse particulate organic matter from each stomach sample of which I will take the wet and dry weight of the coarse particulate organic matter.

 I will develop a length/dry-weight relationship for the most common terrestrial invertebrate species to then be able to convert length measurements into weight measurements for each invertebrate.  I will develop a length/dry-weight relationship for the most common aquatic invertebrate species.  With length/dry-weight relationship, I will be able to not only estimate quantity, but also biomass.  

Diet Analysis

The main goal of my analysis of juvenile Chinook stomach samples will be to describe seasonal fish diets, both terrestrial and aquatic with a focus on terrestrial invertebrates.  I will examine the relative contribution of each of these groups of food items to diet among pools, reaches, seasonally, and annually.  Per site, per date, and seasonally I will determine the proportion of terrestrial invertebrates ingested by dividing the milligrams of terrestrial invertebrates ingested over the total milligrams of both terrestrial and aquatic invertebrates and vice versa for aquatic invertebrates.  
From this analysis, I will produce a series of plots describing consumption patterns of fish at each of the three study sites describing the total and relative importance of different invertebrate groups in the juvenile Chinook diet over summer.   For analysis of relative consumption of various taxa, I will group the components at a higher level, such as class or order, to avoid biases resulting from ease of identification of particular taxa.  For statistical tests, I will use a p-value of 0.10 due to probable low sample size with suspected high within-habitat variability.   Within each year, I will use chi-square goodness-of-fit tests to examine differences among sites, between season (spring = May and early June, or summer= late June and July, or fall= August and September), and annually.  Pooling data from both years will increase my sample size; but some inter-season and inter-year variation in the various groupings and total invertebrate consumption is expected.  Therefore to further examine variation in terrestrial and aquatic invertebrate consumption among pools, sites, reaches, seasonally and eventually between periods across both years, I will use a mixed-model nested ANOVA.

Using the measured fish length and weight, I will determine if a pattern or relationship exists between the grouping of invertebrate (terrestrial vs. aquatic non-drifting vs. drifting aquatic) to fish length and or weight.  From the measured fish length and weight, I will also develop a length-weight regression relationship for juvenile Chinook in the Chena River.  

Objective 3:  Investigate the relationship between invertebrate inputs into the Chena River and their importance in the diet of juvenile Chinook salmon



I will analyze the rate of terrestrial invertebrate input (number per square meter per day) to the number of terrestrial invertebrates consumed per fish per day.  This may have to be done qualitatively as relating the terrestrial invertebrate input along a specific number of meters to the amount of terrestrial invertebrates consumed is not a direct relationship.  

Additionally as another student will be conducting aquatic drift studies, I will examine terrestrial invertebrate input to the density of terrestrial invertebrates in the aquatic drift and see how this compares to juvenile Chinook diet. Basically this will combine the availability from terrestrial invertebrate input, above-surface and sub-surface drift to prey consumed by juvenile Chinook salmon.  

Other potential analysis include comparing terrestrial invertebrate input and terrestrial invertebrate consumption to remotely collected climatic conditions such as weather, wind speed, and rainfall.  
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