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A. Abstract and statement of innovation 

Northern pikeminnow (Ptychocheilus oregonensis) and exotic lake trout (Salvelinus namaycush) are major concerns for native fish conservation and valued fisheries in locations throughout the Columbia Basin.  Northern pikeminnow has been implicated as a major predator of salmon smolts in the river system and lake trout are associated with widespread declines of adfluvial or lake-dwelling bull trout (Salvelinus confluentus), cutthroat trout (Oncorhynchus clarkii), and kokanee (Oncorhynchus nerka).  Age structured data for northern pikeminnow and lake trout are necessary for management of these species, with growth rate information driving bioenergetic assessments of predation impacts and age and growth data guiding population models to steer and evaluate suppression efforts.  Both northern pikeminnow and lake trout are long lived, thus older individuals cannot be accurately aged with scales.  Thin sectioning of otoliths is commonly used to accurately age these species, but this technique is very time consuming and therefore expensive.  A commonly used and faster alternative is to estimate age using the mass of the otolith, however this technique is prone to growth bias.  Otolith and body growth rates are not proportional, resulting in fast growing fish with relatively small otoliths at a given body size and vice versa.  Therefore, the use of otolith mass alone to estimate fish age will be biased when body growth rates vary from those in the established age versus otolith mass relationship.  By accounting for the otolith mass at a given body size (defined as otolith relative mass) it should be possible to improve allometric age models particularly when growth rates are variable.  Our work to date on Flathead Lake lake trout captured in 2005 compares conventional annuli versus otolith mass models to multiple regression models that incorporate otolith relative mass.  Our analyses demonstrate that models with otolith relative mass are less prone to growth bias, and produce growth curves that better represent the empirical relationship.  We propose to test the lake trout relative mass models developed in Flathead Lake by comparing the results from these models with the empirical ages in time and space.  We will apply our 2005 model to archived Flathead Lake otoliths over a period of declining growth, as well as to nearby Lake McDonald where lake trout growth rates are much slower.  We also propose to develop similar otolith relative mass models for Flathead Lake northern pikeminnow and test these models using fish from the Clearwater Chain of Lakes in the Blackfoot River watershed, Montana.  Utilizing otolith relative mass approaches to overcome the growth bias problem in aging fish and developing growth curves is a novel twist to an existing but currently limited approach.  Our initial results indicate that this approach will help overcome the growth bias problem associated with current otolith mass approaches.  Our proposed work will validate our initial results and test its general applicability as a tool to effectively and efficiently age two key Columbia Basin species and provide a framework to parameterize similar models for other difficult to age species.
B. Technical and/or scientific background
General Background


Northern pikeminnow (Ptychocheilus oregonensis) and exotic lake trout (Salvelinus namaycush) are serious threats to the conservation of salmonid fisheries and native fish in locations throughout the Columbia Basin.  Northern pikeminnow is a major predator of salmon smolts in the river system, while lake trout has been widely implicated in the declines of lake dwelling bull trout (Salvelinus confluentus), cutthroat trout (Oncorhynchus clarkii), and kokanee (Oncorhynchus nerka).  Northern pikeminnow and lake trout ages are needed for effective management of these species.  Growth rates of these species are drivers of bioenergetic assessments of predation impacts, and age structure information is necessary to parameterize population models to efficiently guide and evaluate suppression efforts.  Aging these species accurately through scale analysis is not feasible for older individuals as both lake trout and pikeminnow species are long lived (Burnham-Curtis and Bronte 1996, Hawkins et al. 2004).

Thin sectioning of otoliths from pikeminnow and lake trout is used to provide more accurate age estimates than scales.  However, thin sectioning of otoliths requires extensive preparation which is time consuming and therefore costly.  A commonly used alternative is using otolith mass to estimate age.  Although this technique that has been applied to numerous fishes (Beamish 1979; Lou et al. 2005 and references therein), there is often a growth bias limiting the application of this technique.  In addition, no published accounts of this technique exist for northern pikeminnow or lake trout.

Several studies have shown that otolith and growth rates are not proportional, resulting in fast growing fish having relatively small otoliths at a given body size and vice versa (Templeman and Squires 1956; Mosegaard et al. 1988; Reznick et al. 1989; Lombarte and Lleonart 1993; Stafford et al. 2002; but also see Dickey et al. 1997).  The result is that the use of otolith mass alone to estimate fish age will tend to be biased when body growth rates vary from those in the established age versus otolith mass relationship.  Given that fish growth rates are often variable in time and space, the utility of otolith mass alone in accurately predicting ages is questionable.  By accounting for the otolith mass at a given body size (defined as otolith relative mass) it should be possible to improve age models particularly when growth rates are variable, therefore making them more broadly applicable.  Further, the otolith mass versus body size relationship may provide an effective and efficient method for monitoring growth rates.
Work To Date On Lake Trout

We have developed relative otolith mass relationships for lake trout in Flathead Lake. Initially, we quantified the otolith relative mass versus body growth rate relationship using Flathead Lake lake trout captured in 2005.  To examine how well the relative otolith mass model performs compared with the traditional approaches, we evaluated multiple regression models incorporating otolith relative mass to predict lake trout otolith annuli and compared the results with a conventional otolith mass regression model.  

In addition, we evaluated the otolith mass versus body size relationship to determine the usefulness of the method for monitoring growth rates.  The best performing model was applied to the two archived otolith collections (1986-1991 and 1998) from Flathead Lake to estimate potential temporal changes in the length at age relationship.  We compared lake trout otolith mass after controlling for body total length (TL) through time to examine the utility of otolith mass versus body size relationships in detecting changes in body growth rate. 
Otolith collection and preparation

We obtained sagittal otoliths from fish captured in gill nets from Flathead Lake as part of ongoing BPA funded research and monitoring conducted by the Confederated Salish-Kootenai Tribal Fisheries Program.  We used collections from October - November, 2005 (TL range = 258-940 mm, n = 157), October - November 5, 1998 (TL range 258-809 mm, n = 119), and October - December 1986-1991 (TL range 294-537 mm, n = 24).  

We used standard techniques for otolith preparation.  We soaked otoliths overnight in 5% (volume to volume) household bleach (6% solution of sodium hypochlorite) and 95% tap water.  The otoliths were then rinsed twice in tap water and twice in distilled water.  We placed cleaned otoliths in a drying oven at 60(C and stored them in a desiccator until they were weighed.  Otoliths were weighed to the nearest 0.01 mg using a Sartorius Genius scale.  Cleaned otoliths from the 2005 lake trout were cast in epoxy and a transverse thin section through the primordium was prepared.  We sanded and polished the sections, and then viewed them with a dissecting scope in a 70% (volume: volume) isopropyl alcohol solution against a black background. 
Otolith relative mass model – predicting age

We used the 2005 collection to establish the relationship between otolith relative mass and body growth rates.  Otolith relative mass was calculated as the residual of the otolith mass versus TL regression (i.e. a fish with a heavy otolith for its TL has a high otolith relative mass and vice versa): log otolith mg = 1.72 log TL mm - 3.50 (r2 = 0.86, p < 0.001, n = 143).  Body growth rate was calculated as the residual of TL versus annuli regression (i.e. a fish with a high TL for its age has a high body growth rate and vice versa): log TL mm = 0.510 log annuli + 2.20 (r2 = 0.74, p < 0.001, n = 143).  We then used regression to quantify the relationship between otolith relative mass and body growth rate: otolith relative mass = -0.946 body growth rate + 0.000 (r2 = 0.49, p < 0.001, n = 143, Figure 1).  

The 2005 fish were used to calibrate three regression models to predict ages with different models including the following predictor variables, (1) TL, otolith relative mass, and their interaction, (2) otolith mass, otolith relative mass, and their interaction, and (3) otolith mass alone.  We evaluated these models using three criteria.  First, we plotted observed versus predicted annuli using r2 to evaluate model fit.  Second, we estimated robustness to changing growth regimes (and potential growth bias) by quantifying the model age error versus body growth rate relationship.  Third, we used modeled annuli to generate length at age relationships which were then compared to the empirical relationship with a 3% or less bias in length at age was set as an arbitrary goal for accuracy.  The length at age from each model was compared arithmetically with the empirical from the 2005 fish using the following equation: 100*[(empirical TL mm - model TL mm)/empirical TL mm].  

Overall, the model with TL and otolith relative mass performed best.  The model incorporating otolith mass, otolith relative mass, and their interaction did not have a significant interaction (p = 0.165) thus this term was dropped from the model.  All three models performed equally well under our first criteria, as the r2 values of the relationship of predicted annuli versus the data were similar (Table 1).  The observed versus predicted annuli counts for all models generated similar relationships: observed annuli = 1.00 predicted annuli + 0.000 (r2 = 0.91, p < 0.001, n = 143).  The models incorporating otolith relative mass were less prone to bias associated with body growth rates.  When we regressed errors from each model against growth rate, models based on otolith relative size had a shallower slope and more variation (lower r2) than the mass only model indicating less of a bias associated with growth rate (Table 2).  The models incorporating otolith relative mass also produced growth curves that were more similar to the empirical relationship than the otolith mass only model.  Predicted annuli from each model were regressed against TL and then compared with the empirical relationship.  The annuli counts where 3% or less bias occurred (relative to the empirical) ranged from 7 to 16 in the mass only model compared to 6 to 19 in the otolith relative mass models (Figure 2).
Otolith relative mass model – predicting growth rate changes through time

To quantify the growth curves through time the model incorporating TL, otolith relative mass, and their interaction was chosen.  This model was selected because it showed the lowest potential to be biased by body growth rate and it produced a length versus annulus relationship that best reflected the empirical relationship.  The modeled age for each fish was used with its observed TL to estimate the TL versus age regression for the various time periods.  Because the fish from 1986-1991 lacked larger individuals, comparisons between collections were performed over the same length ranges.  The comparison suggests a pattern of sharply declining body growth rate from 1986-91 to 1998 with a more modest decline between 1998 and 2005 (Figure 3).  A comparison all 1998 and 2005 fish revealed a similar growth pattern for these collections (not shown for sake of space).  These results appear to reflect the observed pattern of declining lake trout growth through time in Flathead Lake (Stafford et al. 2002).
Otolith mass versus body size - monitoring growth rates through time

We examined the utility of the otolith mass versus body length relationship for detecting growth changes using the otoliths through time.  We compared otolith mass at a standardized body length (using TL as a covariate in an ANCOVA) among the three collections, and these results were then examined in the context of the earlier growth analysis.  Collections were matched by TL due to the lack of larger fish in the 1986-1991 collection.  The mass of lake trout otoliths at a given TL has increased through time.  ANCOVA of log otolith mass with log TL as a covariate revealed significant differences between the three collections (p < 0.001) using a TL range of 294-538 mm.  The marginal means reveal a pattern of increasing otolith mass in these fish from 1986-91 (n = 24) to 1998 (n = 74) to 2005 (n = 83) (Figure 4).  A comparison all 1998 and 2005 fish revealed a similar pattern of marginal means for these collections (not shown for reasons of space).  Given the results of the otolith mass models and the independent assessment that the growth rates are declining in Flathead Lake (Stafford et al. 2002), these results strongly suggest that otolith mass versus body length relationships can be used to monitor growth rates through time.  
Conclusions

Our results support the general observation that fish body growth rate is inversely related to otolith growth rate, resulting in fast growing individuals with small otoliths at a given size and vice versa (Templeman and Squires 1956; Mosegaard et al. 1988; Reznick et al. 1989; Lombarte and Lleonart 1993; Stafford et al. 2002).  These results are in agreement with a previous assessment of Flathead Lake lake trout by Stafford et al. (2002) who found that body and otolith growth rates (as measured by otolith radius after accounting for TL) were inversely related.  The results of the current analyses show that about half of the unexplained variation in lake trout otolith mass (after accounting for TL) is inversely related to body growth rate.


The model comparison suggests that incorporating otolith relative mass improves the ability to estimate fish ages when compared to otolith mass alone.  The otolith relative mass models were less prone to growth bias, which is particularly important given the declining body growth rates through time in this population (Stafford et al. 2002).  Further, the otolith relative mass provided a better agreement with the observed 2005 growth curve. 


The otolith relative mass model results suggest a substantial decline in body growth rates from 1986-91 to 1998, with smaller declines from 1998 to 2005.  The conclusion that body growth rates are falling in the Flathead Lake population is independently supported by comparing the 2005 empirical growth curve with Stafford et al. (2002) post Mysis (based on fish annual increments from 1985-1995).  For example, the average 10 year old fish post Mysis had a TL of 631 mm compared to 513 mm for 2005.  Further, this comparison slightly underestimates the growth declines, as the 2005 fish curve is based on lengths at capture while the post Mysis curve is based on lengths at annulus.  

Consistent with the pattern of declining growth rate, we detected increases in otolith mass at a given length.  These results potentially demonstrate the utility of otolith mass - body size relations in detecting population level change in growth rates through time, and this view is supported by existing research that shows lake trout growth rates have been declining in Flathead Lake (Stafford et al. 2002).  


An important test of the otolith relative mass approach is in the application to other populations with varying growth rates.  Several studies have reported inter-population variation in otolith mass or size at a given fish length (Worthington et al. 1995; Stafford et al. 2002; Lou et al. 2005).  The current analysis suggests that these differences could be related to variation in body growth rate between populations.  Stafford et al. (2002) found that slower growing lake trout from Lake McDonald had a lower TL at a given otolith radius than Flathead Lake.  Further, this difference was predictable using the body growth rate versus otolith growth rate from Flathead Lake fish.   Thus it may be possible use otolith relative mass approaches to make growth rate comparisons among populations if body and otolith growth rates are predictably related with relatively little variation.  Other physiological factors besides body growth rate have been shown to influence otolith growth rate such as temperature (Mosegaard et a. 1988; Bradford and Geen 1992; Lombarte and Lleonart 1993), and genetic differences may also exist.  Further, water chemistry differences among locations can cause small differences in otolith mass at a given length as related to variation in otolith chemical composition (see Lou et al. 2005).  The extent to which body growth rate overrides other factors in influencing otolith growth rates will determine the utility of otolith mass - body size relations in predicting ages between populations.  
Proposed Research

To date we have developed and tested otolith relative mass models to predict lake trout ages in Flathead Lake using fish captured in 2005.  Our existing research strongly suggests that the otolith relative mass models are less prone to growth bias and produce more accurate length at age relationships than conventional otolith mass only models.  We propose to validate these models and test their general applicability by applying them over growth regimes that are variable in time in space as well as by expanding the relative mass model approach to a different species (northern pikeminnow).  

Our proposed work will utilize the same methods for otolith weighing and aging as our work to date.  All intact otoliths will be weighed, and one otolith from every fish will thin sectioned and aged to provide a benchmark for the accuracy for each technique.  All thin sectioned otoliths will be read blind by two different, experienced otolith readers.  We will record the time it takes for all aspects of weighing and thin sectioning to evaluate the time savings our approaches offer. 

For the lake trout, we propose to age the Flathead Lake 1986-1991 and 1998 collections in hand to comparatively evaluate the ages generated by our otolith relative mass and conventional otolith mass only models (based on the 2005 fish).  We will also use archived collections of lake trout otoliths from nearby Lake McDonald captured from 2002-2006 (n = 85) to estimate ages using the same models and compare them to the empirical ages.  The Lake McDonald lake trout should provide a particularly challenging test of the relative mass models as these fish have much slower growth rates than Flathead Lake (Stafford et al. 2002) and live in a different environment.  Additionally, the proposed aging of the 1986-1991 (n=24) and 1998 (n=119) Flathead Lake collections will test our assumption that increasing otolith mass (after accounting for size) through time is related to slowing growth rates, potentially demonstrating the usefulness of this technique for efficient monitoring of growth rates through time. 

We will apply the general principles we have learned from the Flathead Lake lake trout to northern pikeminnow.  Northern pikeminnow from Flathead Lake and the Clearwater Chain of Lakes in the Blackfoot River drainage will be captured in spring 2008.  Our collection objective will be a minimum of 120 fish from Flathead Lake and at least 80 from the Clearwater Chain of Lakes.  We will then use the Flathead Lake northern pikeminnow sample (which we anticipate will be larger) to parameterize the same types of models as in the lake trout analyses, and compare these northern pikeminnow models to the empirical ages within the Flathead sample.  Similar to the Lake McDonald analysis, we will then apply our Flathead Lake models to the Clearwater Chain of Lakes fish and evaluate their coherence to the empirical ages.
Figure 1.  Otolith relative mass (residuals of log otolith mg versus log TL mm) declines with body growth rate (residuals of log TL mm versus log annuli) for the 2005 Flathead Lake lake trout. 
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Figure 2.  TL mm percent deviation from empirical [100*(empirical TL mm - model TL mm)/empirical TL mm] for the models versus annulus using the 2005 Flathead Lake lake trout.
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Figure 3.  Observed TL mm versus predicted annuli for Flathead Lake lake trout from three time periods.  Results based on the TL, otolith relative mass, and interaction model using 294-538 mm TL fish.
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Figure 4.  Flathead Lake lake trout marginal means of log otolith mg (at log TL mm = 2.636) from three time periods with TL ranges = 294-538 mm.  Bars denote 95% confidence intervals.
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Table 1.  Regression models to predict log annuli (n = 143 for each) for the 2005 Flathead Lake lake trout.
	
	Parameter slope
	Parameter p value
	Model r2
	Model   p value

	Model 1
	
	
	
	

	interaction
	1.24
	0.009
	0.91
	< 0.001

	log TL mm
	1.46
	
	
	

	otolith relative mass
	-2.37
	
	
	

	constant
	-2.96
	
	
	

	Model 2
	
	
	
	

	log otolith mg
	0.839
	< 0.001
	
	

	otolith relative mass
	0.167
	0.012
	0.91
	< 0.001

	constant
	0.040
	
	
	

	Model 3
	
	
	
	

	log otolith mg
	0.862
	< 0.001
	0.91
	< 0.001

	constant
	0.012
	
	
	


Table 2.  Error (in log annuli) from regression models versus body growth rate (residuals of log TL mm versus log annuli) (n = 143 for each) for the Flathead Lake lake trout.
	Model
	slope
	intercept
	 r2
	p

	log TL mm, otolith relative mass, interaction
	-0.477
	0.000
	0.24
	< 0.001

	log otolith mass, otolith relative mass
	-0.490
	0.000
	0.25
	< 0.001

	otolith mass
	-0.667
	0.000
	0.44
	< 0.001


C. Rationale and significance to the Council’s Fish and Wildlife Program


Northern pikeminnow and exotic lake trout are negatively impacting valuable native, sport, tribal fisheries in locations throughout the Columbia Basin.  Northern pikeminnow has been implicated as a major predator of salmon smolts particularly in the river basin, while lake trout has been implicated widely in the declines of lake dwelling cutthroat trout, kokanee, and bull trout.  The negative interactions between bull trout and lake trout are of particular concern, as bull trout are listed under the Federal Endangered Species Act (ESA).  Further, the 2003 Mainstem Amendments to the Columbia River Basin Fish and Wildlife Program describes the NOAA and U.S. Fish and Wildlife Service opinions to operate the Federal Columbia River Power System to benefit populations fish species listed as threatened or endangered under ESA, including bull trout.  At the subbasin level the Flathead River Subbasin Assessment identifies bull trout and cutthroat trout as focal management species, and puts forth the working hypothesis that introduced species pose the greatest to these fishes.  The Lake Chelean and Pend Oreille Subbasin Assessment similarly identifies lake trout as a major threat to lentic bull trout, and lake trout suppression efforts are underway in the latter subbasin.  Large scale northern pikeminnow suppression is currently funded by the BPA in the Columbia Gorge subbasin.
Northern pikeminnow and lake trout ages are needed for effective management of these species, including bioenergetic assessments of their predation impacts and creation of population models to efficiently guide suppression efforts.  Both northern pikeminnow and lake trout are long lived, and older individuals of either cannot be accurately aged with scales.  The proposed research aims to generate accurate and efficient aging and growth rate monitoring tools for these species, and should also be broadly useful to other fishes that are aged using otoliths.
D. Relationships to other projects

Numerous BPA projects are underway that will benefit from fast and accurate aging and growth monitoring techniques for lake trout and northern pikeminnow.  Our proposed research will aid BPA 199101901 Hungry Horse Mitigation/Flathead Lake Biological Objective to "Prevent further expansion, suppress, and where possible eradicate non-native species" by providing efficient aging of lake trout for monitoring as well as population models to guide suppression efforts for the benefit of lentic bull trout and cutthroat populations.  Further,  Biological Objective 04 Analyze/Interpret Data is described by "Annual measurement and analysis of lake trout captured in fall to determine 1) age structure, 2) growth, 3) age at maturity, 4) mortality rate, 5) fecundity, and 6) condition."  Items 1-4 all require lake trout ages.  BPA 199404700 Lake Pend Oreille Fishery Recovery Project similarly will benefit as the Objective Bull trout/Cutthroat Preservation calls for lake trout suppression in Pend Oreille to benefit bull trout and cutthroat trout.  Likewise, BPA 200714900 Pend Oreille Nonnative Fish Suppression Project aims to reduce lake trout by 90% in Upper Priest Lake.  BPA 199007700 Dev Of Systemwide Predator Control for Northern Pikeminnows lists the following Biological Objective  to evaluate pikeminnow removal and presents the following "Evaluation includes determination and analysis of (1) pikeminnow exploitation rates (2) reduced predation on juvenile salmonids; (3) tag loss; (4) age validation; (5) estimates of abundance, consumpiton and predation indices; (6) compensatory response".  Several of these objectives would be aided by our proposed northern pikeminnow research. 
E. Proposal objectives, work elements, methods, and monitoring and evaluation
Objectives and Evaluation
1 - Develop age models for lake trout.  We propose to use lake trout from Flathead Lake to develop a cost effective, accurate multiple regression model to predict age by exploiting allometric relationships between body size and otolith mass.  The criteria for cost effective will be at least a 5 fold increase in ages determined per hour compared to conventional thin sectioning of otoliths for both species.  The goal for model accuracy is length versus age relationships that lie within a 4% deviation of the empirical relationships when absolute values of deviation are averaged over all age classes.  This goal applies to Flathead Lake fish captured from all three time periods and to fish captured in Lake McDonald. 
2 - Test otolith mass vs. fish size.  We propose to develop the use of otolith mass versus body size relationships for assessing changes in growth rate within the Flathead Lake lake trout population. Our objective will be the ability to detect a 5% change in growth rate at the mean TL as assessed by a power analysis using a sample of 100 fish per time period.
3 - Develop age models for northern pikeminnow.  We propose to use northern pikeminnow from Flathead Lake to develop a cost effective, accurate multiple regression model to predict age by exploiting allometric relationships between body size and otolith mass.  The goal for cost effective will be at least a 5 fold increase in ages determined per hour compared to conventional thin sectioning of otoliths for both species.  The goal for model accuracy is length versus age relationships that lie within a 4% deviation of the empirical relationships when absolute values of deviation are averaged over all age classes.  This goal applies to fish captured in Flathead Lake and the Clearwater Chain of Lakes. 
Work Elements

1 - Age fish.  Otoliths from both species will be cleaned, dried, weighed, thin sectioned, polished, photographed, read by two readers, and data and time inputs will be recorded.

2 - Develop age models for lake trout and northern pikeminnow.  Multiple regression age models will be developed and tested using otolith relative mass.  Models will be developed from Flathead Lake for both species and then tested in other populations.  Additionally, the lake trout models will be tested through time in Flathead Lake using otoliths from 1986-1991 and 1998.
3 - Test otolith mass vs. fish size for detecting growth changes through time.  We will evaluate the utility of otolith mass versus fish size relationship for detecting growth changes within a population by aging archived otoliths from Flathead Lake lake trout that have already been weighed.
4 - Prepare BPA report and submit manuscript for publication.  A BPA report will be prepared and a manuscript will be submitted to Canadian Journal of Fisheries and Aquatic Sciences for publication.
5 - Present findings at scientific meetings and make all data and otolith images available.  Stafford and Eby will travel to scientific meetings to present results, and we will make all data and otolith images available via the College of Forestry’s ftp site at the University of Montana.
Methods


The otoliths for the proposed lake trout component are already collected.  We will collect Flathead Lake northern pikeminnow from ongoing BPA funded gill net monitoring conducted each spring by the Confederated Salish-Kootenai Tribal Fisheries Program.  Clearwater Chain of Lakes northern pikeminnow will be collected from ongoing gill net monitoring conducted by Montana Fish, Wildlife and Parks.  An important aspect of our proposed research is that we will be using otoliths only from fish that have already been killed for past work, or fish that will be captured in gill nets (and thus usually killed) for ongoing monitoring irregardless of our research.  Thus our work will result in no kill of our research species or by-catch of other fishes.

Our proposed work will utilize the same methods for otolith weighing and aging as our work to date.  All intact otoliths will be weighed, and one otolith from every fish will thin sectioned, photographed, and aged.  All thin sectioned otoliths will be read blind by two different, experienced otolith readers.  We will record the time it takes for all aspects of weighing and thin sectioning to evaluate the time savings our approaches offer. 

For the lake trout, we propose to age the Flathead Lake 1986-1991 and 1998 collections in hand to evaluate the ages generated by our otolith relative mass and conventional otolith mass only models (based on the 2005 fish).  We will also use archived collections of lake trout otoliths available from nearby Lake McDonald captured from 2002-2006 (n = 85) to estimate ages using the same models and compare them to the empirical ages.  The Lake McDonald lake trout should provide a particularly challenging test of the relative mass models as these fish have much slower growth rates than Flathead Lake (Stafford et al. 2002) and live in a different environment.  Additionally, the proposed aging of the 1986-1991 and 1998 Flathead Lake collections will test our assumption that increasing otolith mass (after accounting for size) through time is related to slowing growth rates, potentially demonstrating the usefulness of this technique for efficient monitoring of growth rates. 


We will apply the general principles we have learned from the Flathead Lake lake trout to northern pikeminnow.  Northern pikeminnow from Flathead Lake and the Clearwater Chain of Lakes in the Blackfoot River drainage will be captured in spring 2008.  Our collection objective will be a minimum of 120 fish from Flathead Lake and at least 70 from the Clearwater Chain of Lakes.  We will then use the Flathead Lake northern pikeminnow sample (which we anticipate will be larger) to parameterize the same types of models as in the lake trout analysis, and compare these northern pikeminnow models to the empirical ages within the Flathead sample.  Similar to the Lake McDonald analysis, we will then apply our Flathead Lake models for northern pikeminnow to the Clearwater Chain of Lakes fish and comparatively evaluate their coherence to the empirical ages.
F. Facilities and equipment

The lake trout otoliths have already been collected, thus no facilities or equipment are required to collect this species.  Northern pikeminnow from Flathead Lake will be collected by the Salish-Kootenai Tribal Fisheries Program as part of their ongoing BPA annual spring gill net monitoring program.  The Fisheries Program will continue to use experimental gill nets and their gill net boat to capture the fish, and otoliths will be removed in their Blue Bay fish facility on Flathead Lake.  Northern pikeminnow from the Clear Water Chain of Lakes will be collected by Montana Fish Wildlife and Parks as part of their ongoing spring gill net monitoring program in these lakes.  Montana Fish Wildlife, and Parks will continue to use their gill net boats and experimental gill nets for the northern pikeminnow collection, and otoliths will be removed in Dr. Eby’s lab at the University of Montana.
Otoliths will be thin sectioned in the Salish-Kootenai Tribal Fisheries Program’s Blue Bay facility.  The tribes own a Buehler Isocut 1000 low speed saw that is available to thin section all otoliths.  Thin sections will polished using a Buehler EcoMet 3 polisher that will be purchased to increase the efficiency of preparing thing sections.  Otoliths will be weighed using a Sartorius Genius analytical scale available in the College of Forestry at the University of Montana.  Thin sections will be viewed and photographed using Dr. Eby’s Leica MZ16 dissecting scope and Spot II digital camera.
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H. Key personnel

Dr. Lisa Eby is a fish ecologist and has worked extensively of fish population and community questions throughout her education.  She received her B.S. in Zoology and M.S. in Limnology and Oceanography from the University of Wisconsin in Madison and Ph.D. in Aquatic Ecology from Duke University. After working briefly as a postdoctoral researcher at Arizona State University, she was hired by University of Montana’s College of Forestry and Conservation in 2002.  Her previous research has spanned a range of questions and ecosystems from examining chronic stress (low oxygen zones) and catastrophic disturbances (floods and hurricanes) on individuals, populations, and communities in estuaries, to exploring the role of population shifts on food web interactions and trophic transfer in lakes, to analyzing long-term community changes in desert stream fish communities.  She is currently teaching Fish Biology and Management, Advanced Fisheries, Research Design, and Topics in Fish Ecology.  She is currently working on issues related to how landscape factors influence population structure, the potential for restoration activities and the ecology and impact of invasion (specifically brook trout and whirling disease).  She has a demonstrated success associated with research and publishing results (19 peer reviewed papers).  For additional information on current projects, publications, or synergistic activities refer to her website at http://www.forestry.umt.edu/personnel/faculty/leby.  Dr. Eby will oversee the project implementation (including grant administration) and will participate in data analyses and report writing.
Dr. Craig Stafford is a fish ecologist whose research has focused on investigations of mercury contamination in fishes, chemical tracers in aquatic food webs, and fish growth.  He obtained his B.S. in Biology at the University of Michigan, his M.S. in Zoology at the University of Maine, and his Ph.D. at the University of Montana in 2002.  Dr. Stafford is senior author on five scientific publications, including two studies involving Flathead Lake lake trout growth based on otolith ages (Stafford et al. 2002, Stafford et al. 2004).  Dr. Stafford has been employed as an Adjunct Assistant Professor at the University of Montana since 2003 where he conducts fisheries research and teaches.  Courses that have been taught by Dr. Stafford at the University of Montana include Lake Ecology, Principles of Biology for Science Majors, Montana Wildlife, and Freshwater Ecology.  Dr. Stafford will be responsible for and/or oversee all otolith cleaning, weighing, thin sectioning, polishing and reading, and he will participate in data analyses and report writing.  Dr. Stafford will be responsible for presenting the findings at scientific meetings, submission of the manuscript to Canadian Journal of Fisheries and Aquatic Sciences, and making all data and images available on the ftp site in the College of Forestry at the University of Montana.
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