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A FISH RESOURCE PERMIT is required to take, possess, hold alive, or tag FISH AND THEIR EGGS (except goldfish and decorative tropical fish) FOR SCIENTIFIC OR EDUCATIONAL PURPOSES.

(in order to use this form over again as a “blank form” first re-name and save this as a new document)
	Jonathan Armstrong
	Fisheries Research Institute/University of Washington


               (Name of Applicant)                                                    (Organization or School)

	Box 355020, Seattle, WA 98195


(type in complete mailing address including City, State, and Zip Code)
	206/616-5761
	206/616-8689
	Jonny99@u.washington.edu


(your Telephone Number)                    (Fax Number)                                   (Email Address)

	UW School of Aquatic and Fishery Sciences


(type in the name and address of the organization with which you are under contract)

I am making application to capture fish of the following species and number for the specified disposition (example: identify and release, measure and release, genetic sample and release, tag and release, sacrifice, transport, hold alive, etc.):

Species                        Species

Common Name          Scientific Name                    Life Stage     Number            Disposition*

	Rainbow trout
	Oncorhynchus mykiss
	Juvenile (<100mm F.L)
	900
	measure,  release: 900
sacrifice: 90

	Char
	Salvelinus spp.
	Juvenile (<200mm F.L.)
	1500
	measure, release: 1500
PIT Tag: 150
Gastric Lavage: 90
Sacrifice: 90

	Coho
	Oncorhynchus kisutch
	Juvenile (<150mm F.L.)
	5850
	measure, release: 5850
PIT tag: 600 (>60mmF.L.)
VIE mark: 2000
Gastric lavage: 225(>60mm)
Sacrifice: 180
Obtain 5 body scales: 100


	     
	     
	     
	     
	     

	     
	     
	     
	     
	     


*For multiple sample locations give detail of species and number and disposition in your study plan

I understand permits are only valid for dates within a calendar year; I am requesting this permit for the following period: (a new application is required each year)
	2008
	June 1
	December 31


Year:   (20     )                From:   (month  and  day)                                To:   (month  and   day)

This is likely a one year/multi-year research project (circle one).  I intend to submit a comprehensive project completion report by: 

	June
	2009


Month (xxx)         Year (20xx)
I wish to obtain the above fish [finfish, shellfish, amphibians] by means of:

	Stick seine


(Specify gear type(s): minnow traps, hoop traps, fyke nets, gillnets, dip nets, spat collectors, etc.)
from the following location(s):

	We propose to sample resident fish in the following streams of the Wood River Lakes system: 

Lake Aleknagik: Big Whitefish Cr,  Bear Cr, Ice Cr, Sunshine Cr, Yako Cr, 
Wood River: Silver Salmon Cr

Lake Nerka: Lynx Cr

See: Marriot, RA 1964. Spawning ground catalog of the Wood River Lakes system, Bristol Bay, Alaska for site lat/long.


(Specify location(s), i.e., X River at latitude/longitude, or ESE of Pt. Barrow, or on Kodiak Island, etc.)

The purpose of the activities for which a permit is being requested:  (a brief purpose statement)

	This project investigates the ability of juvenile salmonids (Dolly Varden, coho, and rainbow trout) to exploit pulsed marine subsidies in streams. We are researching how (1) gape limitation drives variation in the utilization of sockeye eggs by age-0 salmoninds and (2) how water temperatures affect the growth achieved by salmonids while eating eggs.



(this area and other boxes will expand as you type)


NOTE:   A STUDY PLAN or RESEARCH PROPOSAL explaining the purpose and need, the objectives, and the procedures you will use must be included in/with this permit application:

	Introduction:

Streams in Alaska are used as spawning habitat by hundreds of millions of anadromous Pacific salmon. These semelparous fishes generate over 99% of their mass as adults in the fertile waters of the Northern Pacific (Quinn 2005). When salmon spawn and die in streams, they create a pulse of trophic resources that far surpasses local productivity. For stream resident fishes, eggs are the most energy dense and directly available salmon food items. Pacific salmon bury their eggs in nests (redds) under gravel, but spillage and redd superimposition make eggs available to resident fish. Within a single stream, salmon eggs may be available for as little as three weeks out of the year (Armstrong 2008). Since Alaskan streams are typically cold and unproductive, the resource pulse of salmon eggs provides an unparalleled potential for resident fish growth (Scheuerell et al 2007). 

This project investigates the ability of juvenile salmonids (Dolly Varden/Arctic Charr, coho, and rainbow trout) to exploit pulsed sockeye egg subsidies in streams. We are researching how (1) gape limitation drives variation in the utilization of eggs by age-0 salmoninds and (2) how stream temperatures affect the growth achieved by salmonids while egg-foraging.

Sockeye eggs are relatively uniform in size (5-7mm diameter) and exceed the gape width of salmonids less than about 65 mm long. Our goal is to determine which factors determine whether a fish grows large enough to surpass the gape-limit to eat eggs, and how this gape limit affects their growth when eggs are present in streams. We hypothesize that fish smaller than 65 mm, unable to eat eggs, will grow little, while fish large enough to eat eggs will grow significantly more. Under this pattern of growth, we expect the size distributions of age-0 salmonids to become right-skewed in the presence of sockeye eggs.

Where sockeye spawn in high densities, resident fish can feed on eggs at their maximum consumption rate (Denton 2008). During maximum consumption, the optimal temperature for growth is approximately 15(C. Where egg-foraging conditions are cooler than optimal, post-feeding migrations to warm water could increase growth rates. Our second research topic studies whether age-1+ coho and charr can exploit heterogeneity in temperature and trophic resources to optimize growth.

Objectives:

Gape limit study:  (1) Compare the importance of emergence date, temperature, and consumption in determining whether age-0 salmonids grow large enough to eat eggs, (2) Quantify the effect of gape limits on individual growth rates (3) Determine how the proportion of individuals surpassing the gape limit for egg-foraging varies among populations, (4) Determine whether gape limitations cause size distributions to become right-skewed in the presence of eggs, (5) Use stable isotopes to assess the relationship between body size and salmon subsidy use in juvenile salmonids.

Growth diets and movements study: (1) Monitor instream migrations of age-1+ coho and charr, (2) Use diet information and bioenergetics modeling to assess whether foraging strategies optimize behavioral thermoregulation. (3) Compare growth rates among coho and charr in streams with different patterns of heterogeneity in trophic and temperature resources.

Procedures:

Gape Limit Study

Individual growth rates:

We are constructing an individual-based bioenergetics model to explore which factors determine whether age-0 salmonids grow large enough to eat eggs prior to the arrival of sockeye salmon. We will then use the model to explore the effects of gape-limited egg-foraging on the distribution of body size in different salmonid populations. Bioenergetics models are highly sensitive to the parameter p, which is the proportion of maximum consumption at which a fish is feeding. The value of p is best estimated by considering what prey items a fish consumed and how much it grew. This requires diet samples and growth rates, respectively. In 2007 we constructed a population-level bioenergetics model based on growth rates inferred from size-distributions sampled through time. To increase the resolution of this model to the individual-level, we require individual growth rates that will allow us to estimate intra-population variation in consumption (p). Specifically, we require an estimate of growth prior to the arrival of salmon, and growth while salmon are present.

We will calculate individual growth rates by mark-recapture. Visible implant elastomer tags (VIE) are popular for marking small fish because they are non-invasive, do not require killing fish for later identification, and last between approximately 90 days and 1 year. VIE tags are a biocompatible two-part fluorescent silicone elastomer material that is injected into fish tissue with a hypodermic syringe. After roughly 24 hours, the material cures into a pliable solid, resulting in an inconspicuous, yet externally recognizable mark. Since the mark is small (1-3 mm) and does not displace or irritate surrounding skin, associated mortality rates are extremely low (0.5%, Olsen and Vollestad 2001). VIE tags have been effective and safe in our subject taxa (Bonneau et al. 1995, Bailey et al. 1998), and a variety of others.

VIE tags will be applied to young-of-the-year salmonids that are 30 mm to 150 mm in length. Fish will be captured with seine nets and kept for less than 10 minutes in a 5 gallon bucket prior to tagging. Each fish will receive a single mark, 1-3 mm long, at one of 8 positions along the fish’s body. To deliver the mark we will use a specially designed elastomer injector that controls a syringe with a 29-gauge needle. Prior to use all needles will be soaked in Betadine for 24 hours, washed in bleach, and rinsed with a sterile saline solution. Injections will be made just below the skin, in order to minimize fish harm and maximize detection. To minimize the movement of fish during the application of VIE marks, we will anesthetize fish with a 100mg/L solution of  MS-222 buffered to neutral pH with NaOH.  Since we are working with juvenile fish that are not targeted by anglers, there is no risk of humans consuming fish that have been recently anesthetized.

Juvenile salmonid populations in the study streams are dense (Armstrong 2008) and natural mortality of juvenile fish can be high (Quinn 2005), so we expect a tag recovery rate of approximately 10%. Bioenergetics models (Armstrong 2008) suggest that our factors of interest (prey type and temperature) could increase growth rates by 40 to 100%, or an increase of 0.3 to 0.5 mm/day in growth. To detect this change, given previous measurements of variance in age-0 salmonid growth rate (Denton 2008); we will require a sample size of 50 fish per stream. Given our estimated recapture rate, this would require tagging 500 fish per stream, per growth period. We are sampling in two streams, and calculating growth at two periods, so we will tag 2000 fish total. Given published mortality rates associated with VIE tagging (Olsen and Vollestad 2001), our sampling would result in only 10 mortalities. Given the high density of juvenile coho in our study streams (2-11 individuals/m2 in pools), and the density-dependent survival of age-0 coho populations (Quinn 2005), our estimated incidental mortality would not decrease population productivity.
Size distributions:

In 2007 we measured size distributions for juvenile salmonids at 6 time periods. This year we will measure size distributions at 3 time periods in order to (1) explore year-to-year variation in size distributions, (2) Gather population-level data corresponding to the individual-level bioenergetics parameters we measure this year, and (3) develop spatially explicit size distributions that compare portions of the stream with varying salmon density. Our three sampling events will correspond to early season, peak-sockeye, and post-sockeye. Sampling at these times allows us to estimate emergence date, the proportion of individuals surpassing the gape-limit when eggs are present, and the effects of gape limited egg-foraging on size distributions. To generate a size distribution, we will capture fish via stick seine, anesthetize them with a 100mg/L solution of MS-222 following the above-mentioned protocol, measure fork length, and (on a subset of fish) measure weight. Asynchronous emergence and multiple age-classes create high intra-population variation in coho body size (Armstrong 2008). To capture this variation we seek to sample 300 individuals for each coho size distribution. For charr and rainbow trout we seek to sample only 100 individuals per size distribution. We will record early season size distributions in 3 streams (Bear, Yako, and Whitefish), peak-sockeye distributions in 6 streams (Bear, Yako, Whitefish, Silver Salmon, Sunshine, and Ice), and post-sockeye distributions in 6 streams (same as peak-sockeye). For coho, this yields a total sample size of 900 fish per stream in Bear, Yako, and Whitefish, and 300 fish per stream in Ice, Silver Salmon, and Sunshine. For charr and rainbow trout, the total sample size will be 300 fish per stream in Yako and Whitefish, and 100 fish per stream in the remaining creeks.

Diet and Stable Isotope analysis:

Stable isotopes provide diet information at a coarser temporal resolution than direct sampling of stomach contents. Combining these two methods provides diet information that is temporally representative and capable of identifying the use of ephemeral subsidies such as maggots and eggs. Because of their small size, age-0 salmonids must be sacrificed to obtain appropriate measurements of stomach contents or stable isotopes. Stomach content data are highly variable in terms of ration size and prey composition. While high sample sizes would be required for statistical comparison of means, our intent is simply to capture variation in prey proportions for model parameterization. We will use a sample size of 15 diets per growth period. We are monitoring diets from two growth periods in three streams (Yako, Bear, and Whitefish). Therefore we seek to sacrifice 30 individuals per species per stream. 

For our stable isotope analysis, we seek to analyze body size vs. 15N enrichment in age-0 salmonids. Our hypothesis is that 15N enrichment undergoes a stepwise increase when fish reach the body size where they can egg-forage. To quantitatively demonstrate this, we seek to show that a polynomial regression explains the relationship between body size and 15N enrichment better than a linear regression. While we cannot realistically determine the sample size required for this specific analysis, it can be estimated by considering the analysis an analog to an unpaired t-test (Univ. of Wash. Statistical Consulting, pers comm.). As such, we would require a sample size of 45 individuals to detect a change in δ15N of  1 permil, given a standard deviation of 1.8 permil. Our estimates of effect size and variance in δ 15N are from Denton (2008), who tracked the stable isotopes of charr feeding on eggs and fry. We will obtain stable isotope samples from juvenile coho in Bear, Whitefish, and Yako Creeks. We will have two sampling periods (pre-salmon and post-salmon). In total we will sacrifice 90 juvenile coho for stable isotope analysis. 

Growth, diets, and movement of age-1+ charr and coho

P.I.T tagging:

In 2007 we found indirect evidence that age-1+ (60-200 mm) charr and coho are exhibiting post-egg-foraging movements to warm, upstream reaches in Bear Creek. This year we seek to gather direct evidence of this phenomenon by PIT tagging age-1+ charr and coho and monitoring the movements of individuals with in-stream PIT tag readers and recapture. Two reading stations will yield information on the timing of migration, while recapture events will determine the spatial extent of movements. We require a large number of tagged fish in order to estimate what proportion of the population makes in-stream migrations and to ensure an adequate sample size of recaptured fish. During capture events, we will take diet samples (via gastric lavage) and record length and weight. These data will parameterize bioenergetics models of different foraging strategies, and allow us to analyze whether post-feeding movement increases growth. We seek to tag 300 age-1+ coho and 150 age-1+ charr. We will use full duplex PIT tags (11.5 mm, 0.09 g) on fish over 60 mm long, and half duplex tags (23 mm, 0.6 g) on fish greater than 100 mm long. 

Yako Creek, Lynx Creek, and Whitefish Creek provide contrasting patterns of heterogeneity in egg availability and temperature. Yako contains a longitudinal temperature gradient similar to Bear Ck., yet a beaver dam inhibits movement between the cold egg-foraging habitat downstream and warm waters upstream. In contrast, Whitefish Creek has eggs available only in warm water, and Lynx Creek has eggs available in warm and cold water. We seek to compare the growth of age-1+ coho in these contrasting combinations of temperature and food availability. Given growth data inferred from our 2007 size distributions and bioenergetics simulations, we expect growth rates to differ by 0.1-0.2 grams/day among creeks. To detect this effect size given estimates of variation in growth from Denton (2008), we require a sample size of roughly 20-30 fish per stream. We expect a relatively high recapture rate on age-1+ coho, because they are patchily distributed (Armstrong 2008) and should have higher survival rates than age-zeros (Quinn 2005). Assuming a recapture rate of 25%, we estimate a requirement of 100 fish tagged per stream. This sampling would increase the total number of age-1+ coho receiving P.I.T tags to 600. 

P.I.T. Tagging Protocol:

Fish will be anesthetized with buffered MS-222 until they lose equilibrium. Then a 2 mm incision will be made in the abdomen mid-way between the pelvic and pectoral fins, and a PIT-tag will be inserted (Prentice et al. 1990, Gries and Letcher 2002).  Fish will then be placed in a recovery bucket until equilibrium is re-attained, upon which they will be released at the site of capture.  The entire procedure will take less than 10 minutes.  
Recapture:

We will use stick seines to recapture fish for measurements of body size and diet. For coarse measurements of growth in Whitefish and Bear Creek, we will have three capture events: one where we will tag fish, and two for measurements of growth. In Bear Creek we will have 3 additional capture events, so that we can monitor the extent of migrations in the creek, and measure growth at a finer temporal resolution. Based on our capture efficiency of age-1 salmonids in 2007 and our sample size requirements described above, we expect to capture 100 individuals per species in each event. We will use snorkel-directed seining to minimize by-catch of age-0 individuals, which are spatially segregated at the microhabitat (1-5 m) scale.  This sampling design yields a total of 300 age-1+ coho captured in Whitefish and Yako. In Bear Creek we will capture 600 age-1+ coho and 300 age-1+ charr. In Lynx Creek we will capture 150 age-1+ coho. All captured fish with be anesthetized and measured for fork length and weight. To sample diets, 15 fish/ species/sampling event (all greater than 60mm F.L.) will be gastric lavaged. In total we will gastric lavage 45 age-1+ coho in Whitefish, Yako, and Lynx and 90 age-1+ coho and charr in Bear Creek.

Scale analysis:

We will obtain 5 body scales from 100 juvenile coho to verify age-classifications and to infer the relationship between body size and over-winter survival.
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(Study Plan)

Final disposition of collected specimens* not to be released live at the site of capture will be:

	University of Washington fish collection


*(specimens may not be consumed, sold, traded, or bartered, or used in any commercial manner)

The following people will participate in field collections under terms of this requested permit:

	Thomas Quinn
	Peter Lisi
	     

	Daniel Schindler
	Ali Paulsen
	     

	Casey Ruff
	Christina Stuart
	     

	Chris Boatright
	Juliette Mudra
	     


	Ray Hilborn 
	Katy Doctor
	     

	Lauren Rogers
	     
	     

	Jackie Carter
	     
	     

	Neala Kendall
	     
	     


( completed application must be submitted to ):
Email Address:


Freshwater and estuarine environment collections (Division of Sport Fish):\




Robert.Piorkowski@alaska.gov 


Marine environment collections (Division of Commercial Fisheries):




frpermits@alaska.gov
or

Mailing Address: 

Freshwater & estuarine environment collections:

Alaska Department of Fish and Game

Attn: Bob Piorkowski
Division of Sport Fish

P.O. Box 115526

      Juneau, AK  99811-5526
Marine environment collections and permits involving propagation. : 

Alaska Department of Fish and Game

Division of Commercial Fisheries-Permits
P.O. Box 115526
Juneau, AK  99811-5526
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