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1. INTRODUCTION 

Bull Trout (Salvelinus confluentus) are native to northwestern North America, extending 
from California north into Canada, and east to Montana and Alberta.  The species was listed 
as threatened by the U.S. Fish and Wildlife Service (USFWS) in 1998 and 1999 (63 FR 
31647; 64 FR 58910).  Bull Trout are considered to be a cold water species and are 
temperature-dependent.  They generally occur in interior drainages, but also occur in the 
Puget Sound.  Bull Trout may be resident, fluvial, adfluvial, or anadromous.  Recovery areas 
for Bull Trout populations have been divided into specific recovery units.  The Upper Snake 
Recovery Unit, which includes the Malheur River basin in east central Oregon, was the focus 
of this study.  Bull Trout in the Malheur River basin are further divided into two 
populations—the Upper Malheur and the North Fork of the Malheur River (NFMR)—that 
are geographically and reproductively isolated from each other (Buchanan, Hanson, and 
Hooton 1997).  Historically, Bull Trout most likely used the entire Malheur River system, 
and summer habitat likely included most tributaries in the upper basin where there was cool 
water.  Construction of dams early in the 20th century (Warm Springs Dam in 1919 and 
Agency Valley Dam in 1934) effectively isolated the populations.  At this time, Bull Trout 
are not known to use Warm Springs Reservoir; however, Beulah Reservoir is critical to the 
North Fork Malheur population and provides important overwintering habitat for migratory 
fish.  Fish use the tributaries in the entire watershed upstream of Beulah Reservoir on a 
seasonal basis for spawning, rearing, and as a temperature refugia.  

In the NFMR, the Bull Trout population is restricted to Beulah Reservoir and the reach 
upstream of the reservoir.  The reach downstream of Beulah Reservoir only contains an 
active channel during irrigation season, and temperatures become too warm to support fish 
later in the summer.  Any fish entrained over the dam are essentially lost to the population 
(Schwabe et al.  2000); however, trap and haul efforts are completed as required by the 
USFWS during years of reservoir spill (USFWS 2005).  Bull Trout spawning occurs in the 
NFMR mainstem upstream of Crane Crossing as well as many smaller tributaries including 
Horseshoe, Swamp, Elk, Little Crane, and Flat creeks.  This encompasses about 100 
kilometers (km) of habitat.  Migration into the spawning areas usually occurs by late August, 
and spawning peaks in September.  Redd counts and spawning surveys conducted since 1996 
show there are an average of 202 spawning adults yearly, though there is substantial 
variability from year to year.  In 1991 and 1992, there were estimated to be just over 4,000 
age 1+ Bull Trout in the NFMR (Buchanan, Hanson, and Hooton 1997).  Following 
spawning in late September and early October, fish again begin migrating back downstream.  
Migrants typically appear back in Beulah Reservoir around the beginning of November and 
reside there from fall through spring (Schwabe et al. 2000).  Radio-tracking studies 
conducted in the late 1990s showed fish migrated out of Beulah Reservoir starting in April, 
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with the last fish leaving by the beginning of June and migrating as far as 60 km upstream of 
the reservoir.  Subadult rearing, adult habitat use, and foraging occur across the entire 
watershed, into and including Beulah Reservoir.  However, during warm summer months the 
Little Malheur River may be the lower limit of habitat use due to increasingly warm water 
temperatures further downstream. 

Recognizing the importance of Beulah Reservoir as a vital portion of the habitat used by 
migratory Bull Trout, several studies have focused directly on the reservoir itself, or 
movement of fish into and out of the reservoir.  In 1998 and 1999, Schwabe et al. trapped and 
tagged Bull Trout from the reservoir and higher in the watershed and were able to determine 
the pattern of seasonal use of Beulah Reservoir by Bull Trout.  Two separate groups of 
studies have focused on prey base investigations of Beulah Reservoir; one during the period 
of 2002 and 2003 (Petersen and Kofoot 2002; Petersen, Kofoot, and Rose 2003), and the 
other during 2006 through 2008 (Rose and Mesa 2007).  Both groups of studies followed 
similar methodologies in that they 1) examined the population structure of the prey base in 
Beulah Reservoir, 2) examined the impacts of reservoir drawdown to the prey base and Bull 
Trout, 3) attempted to estimate populations of Bull Trout within the reservoir and, 4) in each 
case, applied a bioenergetics model to Bull Trout feeding. 

In 2005, USFWS issued a biological opinion (Opinion) for Bull Trout with four terms and 
conditions for Beulah Reservoir.  These terms and conditions included: 

1. 	 Reduce the frequency and extent of drawdown of Beulah Reservoir to help maintain a 
viable prey base, and work to identify a target minimum reservoir elevation; 

2. 	 Work to explore opportunities to support the prey base, when water levels cannot be 
maintained that would support the maintenance of an adequate prey base; 

3. 	 Work with the USFWS and other willing participants to implement mechanisms to 
reduce the anticipated take from reservoir drawdown; and 

4. 	 Continue efforts to trap and repatriate Bull Trout that have been entrained through 
Agency Valley Dam. 

Two of the four terms and conditions (those regarding a minimum pool) expired on March 
31, 2010. Because no minimum pool requirements currently exist, the reservoir has on 
occasion been reduced to run-of-the-river levels, which studies have shown may decimate 
forage fish populations in the short term and ultimately may have a negative impact to Bull 
Trout.  Since the effects of drawdowns during previous studies were evaluated at only two 
levels – one moderate, one extreme which were not within the researchers’ control – 
Reclamation had insufficient data over a range of reservoir levels to make recommendations 
by March 31, 2010.  Therefore, an extension was granted by the USFWS until April 30, 
2015. 
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The objectives of this study were to follow the same data collection approach used in the 
previous studies of Rose and Mesa (2007; 2009) to gain additional information on prey base 
dynamics as well as Bull Trout population size, reservoir usage, prey consumption, and the 
potential for competitive impacts from other species such as Rainbow Trout (Oncorhynchus 
mykiss).  A key difference between our study and previous studies was an agreement with the 
irrigation district during the 3 years of our study to prevent the reservoir from being 
completely dewatered by maintaining at least 2,000 acre-feet of water at all times.  Rainbow 
Trout were also consistently stocked to the reservoir during our study which may not always 
have been the case historically.  By combining our data with those of previous studies, this 
study seeks to show whether there is a benefit to maintaining a minimum pool, and to 
provide the basis for a working discussion to set a potential minimum pool for Beulah 
Reservoir. 

2. METHODS 

Reservoir sampling for fish occurred during all 3 years of the study (2011, 2012, and 2013).  
Spring sampling began in late March to early-April and continued to mid-May. Fall 
sampling began in late September, continuing into mid-October.  These time periods were 
selected to maximize the sampling effort when Bull Trout were likely present in the 
reservoir, and prior to or after time periods when climatic conditions may have limited the 
ability to sample. 

Attempts were made to sample all available habitats and select different sites each time a 
region was sampled.  The reservoir was divided into four quadrants that were sampled on a 
rotating basis (Figure 1).  We used fyke and experimental gill nets for fish collection.  Fyke 
nets were UV treated # 44 [0.6 centimeters (cm)] mesh with a 91-cm-high by 122-cm-wide 
rectangular conduit frame opening, five 91-cm-diameter steel hoops to hold the throat open 
and a 12-meter (m)-long center lead that extended to shore (Figure 2).  Fyke nets were 
typically set in the afternoon, allowed to fish overnight, and pulled the following day.  
Experimental gill nets were 36.5 m long by 3.0 m deep made of monofilament and contained 
six, 6-m panels consisting of square mesh sizes of 8.9, 7.6, 6.3, 5.1, 3.8, and 2.5 cm.  Gill 
nets generally were fished on the bottom during daylight hours for 30 minutes or less.  A 
typical sampling day generally entailed pulling fyke nets and working up fish, then resetting 
fyke nets and fishing two gill nets for the remainder of the day (see prey base report for net 
locations). 

Captured fish were measured [fork length millimeters (mm)], weighed [grams (g)]), and 
species recorded.  For prey base studies, all smaller species were then caudal fin-clipped 
prior to release.  All Rainbow Trout were flow-tagged prior to being released back to the 
reservoir, whereas all Bull Trout received a passive integrated transponder (PIT) tag injected 
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into the dorsal sinus and had a sample of scales taken for age and growth analyses.  Bull 
Trout under 300 mm received 12 mm half-duplex (HDX) tags and those over 300 mm 
received 23 mm HDX tags.  For both species, stomachs were sampled using non-lethal 
gastric lavage methods.  All contents were preserved in alcohol for later enumeration.  Prior 
to gastric lavage, or PIT tagging and scale sampling, fish were lightly anesthetized by placing 
them in a tub of lake water with added Alka-Seltzer tablets.  Population estimates for all 
species were completed using Schumacher-Eschmeyer mark –recapture statistics. 

Growth rates for both Rainbow and Bull Trout within the reservoir were based on analyses of 
mark-recapture data within the reservoir.  We also looked at yearly growth rates based on 
scale data, however, this data could only be used in the general sense as we could not 
partition seasonal growth between the reservoir and headwater habitats.  We further 
employed growth data available from previous studies to aid in determining the suitability of 
our data for modeling efforts.  Condition factors for captured Bull Trout and Rainbow Trout 
were calculated based on length weight relationships and then used to provide support for 
modeling results as well as another means of assessing population health in relation to 
reservoir levels and prey population. 

Two PIT tag antenna arrays were used to determine patterns of Bull Trout movement into 
and out of Beulah Reservoir (Figure 1).  One unit was placed downstream of the dam to 
determine levels of downstream passage, through or over the dam.  The other unit was placed 
in the inflow a few hundred meters (m) upstream of the full pool elevation near the 
Reclamation property boundary.  Both units were similar in design and operation.  For each 
site we used an Oregon RFID HDX antenna reader.  The unit was placed in a job box 
containing two, 12-volt-deep cycle batteries for power. Batteries were recharged from a pair 
of 75-watt solar panels. Twin-ax cable was used to connect the reader to the tuning box on 
the antenna.  This cable was buried to protect it from the elements and livestock that 
frequently moved along the riverbank and through shallow areas.  Antenna construction 
consisted of a single or double loop of 4- or 8-gauge battery cable (depending on location).  
The antenna cable loop was zip-tied to a Kevlar rope anchored on each river bank at the 
high-water mark by sinking t-posts into the substrate and using a set of turnbuckles to 
achieve the desired tension.  T-posts were also placed at several locations across the stream 
width on the downstream side of the cable to help reduce drag on the antenna cable during 
periods of high water.  Once placed, antennas were tuned to achieve a maximum read range.  
A test tag placed near each antenna fired at 1-hour intervals allowing us to determine if the 
antenna was operating correctly.  Once operational, the units were downloaded weekly 
during active sampling periods and 2 to 3 times during the off season.  The downstream unit 
was only operated during periods of active water release from the reservoir, but during both 
years it was vandalized in late summer.  The upstream unit operated until late December each 
season, after which time ice flows typically broke the antenna cables.  Antennas were 

4 



   
 

 

  

 
 

   
  

  
 

 

 
 

   
 

  
 

  
   

 
   

 
  

 
  

   
   

 
   

 
 

   
   

  

  
    

  
  

  
  

Beulah Reservoir Minimum Pool and Prey Base Studies 2010 – 2013 
Part 2 Bioenergetics, Population Sustainability 

typically restrung again in February to allow detection of fish migrating out of the reservoir 
during the spring. 

Temperature data for Beulah Reservoir used for modeling was collected continuously within 
the reservoir using a series of Tidbit temperature recorders strung at 1-m depth intervals from 
a buoy located near the central channel in the deepest portion of the reservoir.  Inflow 
temperature data was obtained from Reclamation’s Hydromet site, as were inflow, discharge, 
and reservoir storage. 

All data collected was subsequently used as inputs to a bioenergetics model applied to 
reservoir fish populations.  The bioenergetics approach employed in this study was based on 
an energy balance equation.  For this study, we employed Fish Bioenergetics 3.0 (Hanson et 
al. 1987), commonly called the Wisconsin fish model.  The model has been used for a wide 
variety of applications and parameterized for a number of common species making for 
relative ease of use.  For this study, we focused our model runs on Bull Trout and Rainbow 
Trout.  Rainbow Trout were selected as a secondary species of interest due to high population 
numbers and their potential for a competitive influence on overwintering Bull Trout.  Other 
species such as Northern Pikeminnow similarly could compete with Bull Trout in Beulah 
Reservoir and could be considered for inclusion for an overall assessment of food 
availability. 

We parameterized the model for Bull Trout based on data published by Mesa et al. (2012) on 
the development of a bioenergetics model for Bull Trout (Table 1).  Swimming speed can 
have a significant impact on consumption estimates in the model, so for the purposes of this 
study it was held as a constant, following the methods of Mesa et al. 2012.  To ensure the 
model was parameterized correctly and that no entry errors were made, we re-entered the 
laboratory data presented for Bull Trout in Mesa et al. (2012), and were able to repeat their 
results.  This indicated our model was parameterized and performing correctly.  For Rainbow 
Trout we employed the model of van Poorten and Walters (2010) (Table 2).  Both prior 
studies of Bull Trout in Beulah Reservoir were parameterized using lake trout as a surrogate 
(Rose and Mesa 2007; Petersen and Kofoot 2002).  The lake trout model likely overestimated 
feeding rates in Bull Trout, but had been the best surrogate for Bull Trout until Bull Trout 
specific parameters were made available. For both species, modeling was completed on what 
was calculated as the average fish based on growth data collected. 

The approach we took was rather simplistic in that we made the assumption that predators 
were eating only fish or plankton, and that the predator was an opportunist and did not 
differentiate between prey species, instead consuming them in proportions relative to what 
was encountered.  Energy density of prey used for modeling purposes was taken from work 
done by Rose and Mesa (2009).  Predation, as estimated by the energetics approach used in 
this study, is at best only an estimate of the true predation mortality.  We recognize many 
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parameters in the model could impact our overall estimate of predation.  Our conservative 
approach put bounds on the lower limits of predation.  Our data was based on average growth 
rates indicating fish were feeding at some percent below their theoretical maximum 
consumption rate.  Since fish are opportunistic feeders and the model suggests that, on 
average, these species are feeding well below their maximum theoretical consumption rates, 
adjusting this rate in the model allowed us to explore the potential impact of these species if 
they were to feed at higher or lower rates. 

Whole population prey consumption was calculated based on estimated populations for 
Rainbow Trout each season, as well as for a range of potential populations for Bull Trout.  
For the purpose of energetics modeling, we developed a series of populations based on 
reservoir population estimates determined from our study and from historical redd counts.  
Four hypothetical Bull Trout population estimates (50, 100, 200, and 500) were run through 
the model.  Redd counts over many years suggest these population sizes are realistic given 
current conditions in the watershed (USFWS 2002; Rieman and Allendorf 2001).  

Using calculated feeding rates determined from weight gains for known fish, we showed 
what the patterns of growth should look like for individual Bull Trout overwintering in 
Beulah Reservoir.  These estimates were based on species and size specific metabolic 
processes as a function of temperature, energy density of the prey, proportion of prey in the 
diet, and growth rate of the predator.  

Using modeled feeding rates based on observed growth patterns for each species, 
consumption was shown as grams of prey consumed per gram of predator per day.  Whole 
reservoir consumption was calculated based on the estimated biomass of fish present as 
determined from mark-recapture population data and average weight of individual Bull Trout 
and Rainbow Trout sampled.  Seasonal consumption was based on the average residence 
times of Bull Trout residing in the reservoir, and from seasonal mark recapture data of 
Rainbow Trout. 

3. RESULTS AND DISCUSSION 

A. Field Results 

1. Reservoir Conditions 

Besides understanding the prey base for Bull Trout and other predators residing in Beulah 
Reservoir, temperature and pool levels were the two most important variables to consider.  
Rose and Mesa (2009) noted a strong relationship between minimum pool levels and redd 
counts.  However, it should be cautioned this is not necessarily a causal relationship.  The 
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fact that Beulah Reservoir pool levels directly correlate to redd counts could simply be 
indicative of good water years which may be more amenable to better spawning conditions 
for Bull Trout, rather than any influence from the reservoir itself.  During our study, Beulah 
Reservoir experienced a wide variety of water years which, when combined with previous 
studies, provided a good sample of potential reservoir conditions (Figure 4).  Petersen and 
Kofoot (2002) and Schwabe et al. (2000) worked during what would be considered a fairly 
wet period where Beulah Reservoir remained at fairly high levels throughout the summer.  
When Rose and Mesa conducted their studies from 2006 through 2008 they were following a 
period of several dry years, even though the pool was only emptied once during their study 
period.  Although the reservoir was completely dewatered in 2009, it retained a pool of about 
2,000 acre-feet from 2010 throughout the remainder of our study.  Although the reservoir 
was completely dewatered in 2009, it retained a pool of about 2,000 acre-feet from 2010 
throughout the remainder of our study.  Due to favorable climatic conditions in 2010 to 2011, 
the lowest pool level was above the minimum 2,000 acre-feet agreed upon. In 2012, the 
reservoir was only drafted to 2,000 acre-feet before beginning to rebound.  In 2013, the 
reservoir was again drafted to 2,000 acre-feet but remained at or slightly below that point for 
a significant period of time.  During 2012 and 2013, it is likely the reservoir would have 
drained had not a minimum pool agreement been in place. 

Water temperature within Beulah Reservoir and the inflows of the NFMR mirrored each 
other quite closely (Figure 5 and Figure 6).  Beulah Reservoir is relatively shallow and does 
not tend to stratify too strongly.  Most water bodies would typically show a peak in 
stratification during late summer due to seasonal heating. However, Beulah Reservoir does 
not stratify for several reasons.  First, by mid-summer the reservoir has normally been drawn 
down significantly making it even shallower and more prone to the effects of wind-generated 
mixing.  Secondly, releases are from the bottom of the reservoir which acts to accelerate the 
removal of any remaining cold water at depth.  Finally, inflowing water temperatures during 
summer months may actually exceed those of the reservoir at times approaching 300oC, 
therefore, inflows are not acting to provide any cool water input (Figure 5).  From August 
through May, the reservoir was nearly isothermal during our study, but there was some 
evidence of reverse stratification in winter when the reservoir was ice-covered.  A CE-Qual – 
W2 water quality model for Beulah Reservoir completed in 2002 modeled the same 
conditions that were observed during this study (Reclamation 2002).  

During the years of our study, water temperatures within Beulah Reservoir indicate the 
reservoir becomes unsuitable for Bull Trout by the beginning of June each year and 
conditions remain unsuitable through mid-to-late September depending on local climatic 
conditions (Figure 6).  River temperatures near the inflow to the reservoir mirror the 
temperature conditions within the reservoir indicating that even in the lower river conditions 
would not support Bull Trout during this same time period (Figure 5) 
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Water temperature within Beulah Reservoir as well as in the inflows has been shown to be a 
good predictor of habitat availability for Bull Trout (Figure 5 and Figure 6).  Bull Trout 
distribution is frequently limited by water temperature and data suggests that Bull Trout 
generally avoid temperatures above 15oC (Rieman and McIntyre 1993) and may start 
migrating in an attempt to avoid increasing temperatures even earlier (Saffel and 
Scarnecchiea 1995).  However, recent studies by Howell (2011) show that within the 
migration corridor Bull Trout use habitats that exceed 18oC on occasion.  Similar 
observations have also been documented by Bull Trout in the Boise River basin, Idaho.  
Schwabe et al. (2000) noted all radio-tagged Bull Trout left the reservoir by the beginning of 
June, and did not start returning to the reservoir until early November during their study.  The 
rate and extent of upstream migration correlated well to increasing water temperatures as the 
season progressed. 

2. Bull Trout 

In the reservoir we tagged 122 Bull Trout during the 3 years of our study.  The average size 
for these fish was of 324 mm in length with a weight of 401 gram (g).  Fish ranged from 224 
mm to 600 mm total length (TL) and from 108 to 2,687 g in weight.  The heaviest fish was a 
rarity, as the next closest fish weighed only 993 g.  This fish, in fact, had a tag from the U.S. 
Geological Survey (USGS) study several years prior and was the only Bull Trout we 
observed from a previous study.  In general, Bull Trout were easy to capture in shore-based 
fyke nets, and the same fish could often be caught on subsequent days on opposite sides of 
the reservoir (Figure 1) indicating they actively moved around the reservoir during their 
period of residency.  

a. Bull Trout Captures 

2011 – Seventeen Bull Trout were collected in the spring; six of these were recaptured at 
least once during the spring sampling.  Lengths averaged 298 mm (range = 236-447 mm TL) 
and weights averaged 329 g (range = 169-993 g).  All Bull Trout were collected in fyke nets.  
Fall reservoir sampling failed to contact any Bull Trout.  Based on Schumacher–Eschmeyer 
mark-recapture statistics, we estimated a population of 31 Bull Trout with a range of 21 to 61 
for the spring of 2011. 

2012 – Thirty-five Bull Trout were captured and tagged in Beulah Reservoir during the 
spring sampling effort and 5 were recaptured.  Lengths averaged 319 mm (range = 247-600 
mm TL) and weights averaged 420 g (range = 184-2,687 g).  Eighteen Bull Trout were 
captured and tagged in the reservoir during the fall sampling effort and 7 were recaptured at 
least once during that time frame. Lengths averaged 359 mm (range = 243 - 441 mm TL) 
and weights averaged 474 g (range = 145 - 851 g).  During the spring of 2012, we estimated 
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a population of 116 fish with a range of 63 to 781.  The range of potential population size 
was large in this case due to a low number of recaptured fish. 

2013 – Thirty-three Bull Trout were captured and tagged in Beulah Reservoir during the 
spring sampling effort and 11 were recaptured at least once.  Lengths averaged 307 mm 
(range = 224 - 428 mm TL) and weights averaged 368 g (range = 109 - 810 g).  Two Bull 
Trout were captured and tagged in the reservoir during the fall sampling effort and one of 
these was recaptured once.  Lengths were 465 and 328 mm and weights were 969 and 416 g, 
respectively.  The estimated population for spring 2013 was 48 fish with a range of between 
40 and 62. 

Eighty-nine Bull Trout stomachs were pumped of which 17 were empty.  Bull Trout sampled 
averaged 303 mm (202 to 600 mm).  Fish prey items averaged 54 mm (37 to 165 mm) in 
length.  Redside Shiner dominated contents in both mass (Figure 7) and number (Figure 8). 
Overall, it appears Bull Trout were not selective in their feeding, and proportions of prey 
found in Bull Trout stomachs was not markedly different than proportions of prey captured 
during our netting operations.  Based on ease of capture of Bull Trout, we suspect these fish 
may have been attracted to concentrations of prey species in our fyke nets—actually entering 
to feed.  We cannot conclude this with certainty, but it appears likely given how frequently 
certain individuals could be recaptured.  Once in the trap portion of the net, fish would have 
access to a concentrated number of prey fish which could potentially bias our interpretation 
of Bull Trout dietary preferences and volume of stomach contents.  

Measurements of year-to-year growth for Bull Trout inhabiting Beulah Reservoir during our 
study periods were difficult to obtain.  Although our recapture numbers were relatively high 
within sampling events, it proved difficult to capture the same fish across years and we had 
to rely on scale data as a secondary means of measuring growth.  Bull Trout captured from 
Beulah Reservoir tended to be on average between 4 and 5 years of age, with relatively few 
fish falling on either side of this number; of the 46 captured Bull Trout, one was 3 years of 
age, three were 6 years of age, and one was 7 years of age (Table 3).  Juvenile Bull Trout 
may mature at 4 years of age and at that point begin migrating into the reservoir for 
spawning.  It could be the majority of fish captured were first year migrants.  We do not have 
enough data to look at the frequency with which individuals returned to the reservoir or their 
long-term survival. 

Overall growth rate based on length-at-age data derived from scales of reservoir captured fish 
indicate fish grew on average about 52 mm per year (Figure 9). For fish we were able to 
recapture and physically measure, our growth rates fell well within the range of values 
extrapolated from scale data, however, they were on the higher side of average (Table 3 vs 
Table 4).  Over summer, fish in the upper watershed increased an average of 62 mm in 
length, and for the two individuals overwintering in Beulah Reservoir, the increase in length 
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was 21 mm.  Taking the two together this indicated an approximate increase of just over 70 
mm for the year.  While higher than the average measured with scale data, these estimates 
still fell within the range of scale derived growth estimates (Table 3).  These numbers are 
similar to that observed for Bull Trout captured in the North Fork of the Boise River where 
fish grew between 50 and 75 mm in one year (Salow 2004).  Tiley (2000) had some recapture 
data from Bull Trout for Beulah Reservoir based on captures of radio-tagged fish.  Of four 
fish Tiley recaptured, two showed growth rates that were similar to those calculated during 
our study and the two largest fish showed growth rates of only about 25 mm for a 1-year 
period.   

Condition factor (K) of Bull Trout within the reservoir was an additional means we used to 
try to examine how fish were responding to variations in water levels and the prey base.  
Similar K factors in spring were observed in 2011 and 2012 at 1.12 and 1.13, respectively, 
while a drop to 1.03 was observed in 2013 (Figure 10).  Fish collected during the spring of 
2013 were significantly lower in condition than those captured in either the spring of 2011 or 
2012 (p<0.05).  No Bull Trout were captured in the fall of 2011 and only 3 in 2012 that 
averaged 1.00 compared to 1.04 for the fall of 2013.  Fall of 2012 was the first year of our 
study where without the study pool the reservoir would have been drawn down below 2,000 
acre-feet.  In 2012, the reservoir was drawn down to 2,000 acre-feet at the end of the 
irrigation season.  Even though year-to-year Bull Trout conditions appeared to trend lower, in 
the spring of 2013 our prey base estimates were still quite high, and Bull Trout in the spring 
of 2013 had increased, or maintained the same condition as when they entered in the fall. 

In 2013, the reservoir pool fell below 2,000 acre-feet due to evaporation loss and remained at 
that level for a longer time before refill began, however, we have no Bull Trout data from 
2014 to determine if this had a further negative impact on condition factors.  This low pool, 
and likely the lack of a complete fill the prior spring, was reflected in a lower prey base.  
This is comparable with data of Rose and Mesa 2009 and prior studies, where Bull Trout 
condition factors were similar to what was observed in this study during periods when the 
reservoir maintained an overwinter pool.  Of all previous studies, Rose and Mesa did have a 
complete drawdown during 2007, and during the spring of 2008 Bull Trout had the lowest K 
value of any time observed during their study. This indicates that at extremely low water 
levels there were likely prey base related impacts to the Bull Trout population.  This contrasts 
with our minimum pool season where, even though fish condition was lower in the reservoir 
than during previous seasons, there was still a slight increase in condition over the course of 
the winter.  This suggests that at current population levels, a minimum pool of 2,000 acre-
feet did not have any deleterious effects on the population.  When Schwabe et al. (2000) 
sampled Beulah Reservoir, 18 Bull Trout were captured between April and May, with an 
average condition factor of 0.99.  Their sampling effort followed a series of several years 
where the reservoir never dropped below 20,000 acre-feet.  Fish captured during the period 
of our study, and during low water years, were in no worse condition.  It should be pointed 
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out that due to small sample size, testing for significant differences in condition factor were 
not possible.  Relatively low numbers of fish captured, and a wide range of measured 
condition factors makes any tests of significance difficult for this species. 

Based on previous studies and our observations, we recognized that an inability to capture 
Bull Trout in the reservoir would at best result in only an approximation of whether fish were 
or would be present that season.  We had fixed sampling periods each spring and fall, and 
these did not necessarily correlate well with peaks in Bull Trout abundance due to year-to­
year differences in migration timing.  Time of arrival of the first Bull Trout, and time last left 
the reservoir varied each year, but appeared to correlate well with temperature (Figure 5 and 
Figure 6).  Similar observations can be made in the upper watershed where upstream 
movement appeared to follow increasing temperatures lower in the watershed (Schwabe et al 
2000).   

We used antenna detections obtained from the PIT tag array just upstream of the reservoir 
inflow to determine the range of times fish entered and left the reservoir (Figure 11).  In 
2011, the first downstream movement was observed on October 28 and the last downstream 
detection on November 16.  Additionally, the first detection was on May 7, 2012 and the last 
fish left the reservoir on May 31, 2012, but this number was likely not representative of a 
true first date of upstream passage as flooding prior to this time damaged the weir and it was 
only repaired once water levels had dropped to a level where it was safe for personnel to re­
enter the river.  In the fall of 2012, the first downstream detection was on September 22 and 
the last detection was on October 16, 2012.  In 2013, the first upstream detection occurred on 
March 15 and the last on May 31, 2013.  In the fall of 2013, our first downstream movement 
was detected October 5 and the last on November 19.  These ranges fell well within those 
observed during previous radio-tag tracking studies indicating that Bull Trout typically do 
not use the reservoir from June through September, but could occur there anytime from 
October through May each year.  

PIT tag monitoring and hook and line sampling also did not detect Bull Trout moving 
downstream of the reservoir except during 2011 when there was some spill over the dam.  
During the following two seasons when there were only through dam releases, no tagged fish 
were detected downstream of dam.  Past radio-tagging studies demonstrated fish would pass 
the dam during spring spill, which is the primary reason operations now try to maintain flows 
through the dam instead of over the spillway whenever possible.  In 1998, Schwabe et al. 
(2000) captured 17 Bull Trout below the dam via angling methods, and 19 in the reservoir.  
This indicated that during the spill period a significant portion of the population may have 
been moving over the dam.  Our data, or lack thereof, provide support for a positive 
population benefit of this operational change.  However, run-of-the-river operations, which 
effectively removed most resident fish of all species from the reservoir, do not appear to 
entrain Bull Trout.  The end of the irrigation season typically results in the closure of the 
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outlets by early October, which in most cases, is prior to any Bull Trout entering the 
reservoir. 

3. Rainbow Trout 

Rainbow Trout are a species that presently occur in good numbers within the reservoir and 
potentially compete directly or indirectly with Bull Trout for food.  Rainbow Trout are 
regularly stocked in the reservoir as fingerlings during the late spring in most years.  We 
were able to catch them in high numbers and develop reliable population estimates for this 
species (Figure 12; Table 5).  The data we used to develop population estimate and that are 
presented here are of larger fish, that is, those large enough to Floy tag (>150mm TL).  The 
population estimate ranged from a high of nearly 5,400 in the spring of 2011, to a low of 
1,500 that same fall.  High variance in the population estimate for our first sampling period 
was due to a very low number of recaptured fish.  Overall, we tagged 261 fish in the spring 
of 2011 with 8 recaptures; 173 with 8 recaptures in the fall of 2011; 320 with 12 recaptures in 
the spring of 2012; 969 with 97 recaptures in the fall of 2012; 772 with 150 recaptures in the 
spring of 2013; and 593 with 76 recaptures during the fall of 2013.  On a year-to-year basis, 
both the numbers and biomass of Rainbow Trout decreased in Beulah Reservoir across the 
duration of the study.  At the high point, we estimated there to be almost 2,000 kilograms 
(kg) of Rainbow Trout in Beulah Reservoir which had decreased to less than 600 kg by the 
end of the study. 

Thirty-five Rainbow Trout stomachs were pumped; of which 11 were empty.  The percentage 
of fish with empty stomachs fell well within the range of other studies sampling trout 
populations and may in part be due to our ability to effectively lavage stomach contents 
(Andrusak and Parkinson 1984; Oscoz et al.  2005).  Rainbow Trout sampled averaged 399 
mm (312 to 518 mm) and prey fish length averaged 56 mm (43 to 122 mm).  Similar to 
observations for Bull Trout, Redside Shiner again dominated stomach contents of Rainbow 
Trout in both biomass (Figure 13) and number (Figure 14). 

We further noted that not all Rainbow Trout resided in Beulah Reservoir on a year-round 
basis.  During fall sampling efforts when the weir was in place upstream of the reservoir, 
large numbers of rainbows would be observed congregating in the pools upstream of the 
weir, moving downstream immediately upon weir removal.  These fish were observed to be 
in better condition than those having resided year round in the reservoir, but for this study we 
did not have any means of assessing the relative proportions of the population that may be 
utilizing riverine habitats during some or all of the year. 

In contrast to what we observed with Bull Trout, Rainbow Trout condition factor K 
decreased continuously over the course of the study, with a significant decrease in conditions 
measured for almost all study periods (Figure 15).  Comparing spring samples across all 
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years, statistical analyses indicated  a significant difference in condition factor over time, 
however, a multiple comparison procedure indicated spring of 2013 fish were of lower 
condition than fish collected during the spring of 2011 and 2012, and that spring 2011 and 
2012 did not differ from each other at the P=0.05 level.  During the fall of 2010 and 2011, the 
pool did not drop to the minimum 2,000 acre-feet, whereas in the fall of 2012 it did.  
Consequently, spring sampling efforts only reflected the impacts of one minimum pool year.  
Fall sampling differed in that these fish had actually experienced the effects of both low 
water years; the 2,000 acre-feet just hit in 2012 and the longer term low pool of closer to 
1,400 acre-feet experienced in 2013.  Condition factors for fall fish did vary significantly 
from each other for all years at the p=0.05 level, with condition decreasing from 1.192 in fall 
2011; 0.99 in fall of 2012; and 0.89 in fall of 2013. 

When combining the decrease in population numbers, biomass, and condition factor of 
Rainbow Trout we are left with several interesting questions about how these populations 
behave in Beulah Reservoir, and what the impacts of a minimum pool for this species are.  
None of the previous studies examining prey base in Beulah Reservoir (Petersen and Kofoot, 
Rose and Mesa) made any marked comments about changes in observed condition factor of 
the Rainbow Trout populations.  We hypothesize this observed change in condition occurred 
because our study was the first to artificially hold the water levels to a minimum pool when 
the reservoir otherwise would have been drained.  Historically, during years of low water 
(which in our case were years of population stressors), resident fish and their prey would 
have simply been entrained out of the reservoir, and we would not have seen the low water 
impact to the population.  It is also apparent, even though we found prey fish in Rainbow 
Trout stomachs, that the majority of this population may not make the switch from feeding 
on aquatic insects and zooplankton to being able to take advantage of a fish diet.  As we will 
show in the bioenergetics section below, summer water temperature in Beulah Reservoir may 
also be impacting observed decreases in condition. 

B. Bioenergetics 

1. Bull Trout 

Average growth rates for Bull Trout were obtained from data collected during this and 
previous studies, (Schwabe et al. 2000; Petersen and Kofoot 2002; Petersen, Kofoot, and 
Rose 2003; Rose and Mesa 2007).  While we contacted good numbers of Bull Trout during 
any given study period, recaptures across study periods were low (Table 4).  The main caveat 
to the model focused on growth rates of Bull Trout, and what we felt was acceptable as far as 
available data. In terms of year-to-year growth in Beulah Reservoir over all the years of 
study, including previous studies, the growth rate data we have for the reservoir fish is based 
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on N=2 (aside from calculated growth).  Like previous studies, many fish were recaptured 
but not at the right time. For estimates of overwinter growth, fish needed to have been 
tagged in October and recaptured the following spring, as these fish were the ones 
experiencing the reservoir.  Both fish we did recapture at the right time showed similar 
growth rates.  We obtained a lot of information about fish growth in the upper watershed 
from our recapture data, as a lot of fish captured in spring were again captured that same fall, 
but since we do not know exactly where these fish reared during the summer, we can only 
guess about the temperature regime they were exposed to, and thus the effect on metabolism 
and growth rates.  Bull Trout that we had actual data for appear to be near or slightly above 
the mid-range of growth rates based on data from the Rose and Mesa report in terms of their 
bioenergetics forecasting of feeding levels based on prey base utilization.  Rose and Mesa 
calculated the average growth rate based on data combined from previous studies as well as 
data of their own.  The fact that our data tends to fall right within the same range gives us 
confidence the fish we were basing our model on do indeed represent the average Bull Trout 
in Beulah Reservoir. 

We assumed the first time we caught the fish in the reservoir was near the time they first 
entered the reservoir that season.  Similarly, the last encounter in the spring we assume was 
associated with when they left the reservoir.  PIT tag detections were not very precise at the 
inflow and therefore, we often missed individuals that were passing upstream or downstream.  
However, these detections allowed us to bracket the period when fish were leaving and 
entering the reservoir.  Timing of when individuals entered the reservoir was highly variable.  
In 2012, fish were observed entering as early as September 22 and as late as November 28 in 
2013. Most years, fish tended to appear at our PIT tag site over a period of 6 to 8 weeks in 
the fall.  Similarly, spring time departures from the reservoir ranged from mid-March to May 
31 for the 2 years the array was in place.  Again, similar to growth data, our residence time 
coincides closely with that of Schwabe et al. (2000) who used radio tags to determine 
residence times.  This indicates that, while there is some year to year variability due to local 
climatic conditions and definitely fish-to-fish variability, the data we are using essentially 
demonstrates that conditions have not changed markedly over at least the past 15 years.  
Based on the above residence times, we used a modeled residence time of 200 days that Bull 
Trout resided in Beulah Reservoir, starting October 4 and ending April 18. 

For an overwintering population estimate we bracketed the numbers estimated to be in the 
reservoir which averaged around 50 to 80.  We further assessed the impact of higher 
population numbers to examine the predation potential imposed by these fish.  To estimate 
in-reservoir consumption we used populations of 50,100, 200, and 500 average sized Bull 
Trout.  Rose and Mesa used a number of 1,000 Bull Trout in the reservoir for their modeling, 
but we elected not to go that high.  Based on historical data and the amount of summer 
habitat available to fish, it seems unrealistic to expect there to ever be a population of 1,000 
migratory adult fish.  On average this number would be more than 10 times the current yearly 
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average number of fish residing in Beulah Reservoir overwinter.  This is an important point, 
especially since we really do not know what the limiting factors are in the system regarding a 
maximum population size.  By mid-summer, almost all Bull Trout are restricted to the river 
reach and associated tributaries upstream of Crane Crossing, which does not represent an 
overly large amount of habitat given the numbers of non-migratory fish, juveniles, and other 
trout species that occupy that same habitat as well. 

Energetics models, at best, are still just a hypothesis about what is happening.  It has to be 
assumed that all the energetics parameters are correct.  During model development, 
sensitivity analyses are often performed to determine which coefficients used might be the 
most susceptible to influencing the results. Petersen and Kofoot (2002) did some of this with 
their modeled Bull Trout populations for Beulah Reservoir.  For this study we simply took 
the model available (Mesa et al. 2012) and determined which coefficients to use through 
laboratory studies.  As a test of our model we did rerun their laboratory fish under the 
conditions they listed and were able to repeat their results, indicating we had set the model up 
correctly.  We did use one estimate of error in that we added plus or minus 20 percent when 
showing population consumption to account for potential uncertainties in model output.  To 
estimate reservoir population biomass and consumption parameters we used the average 
weight of a Bull Trout collected from the reservoir and multiplied that by a given population 
size.  We further reran the model using lake trout parameters, although not reported here, and 
similar to Mesa et al. (2012) showed the use of lake trout parameters resulted in significantly 
higher estimates of prey consumption by individual fish, and as such, estimates of predation 
in their study were higher than what we estimated because of the difference in the two 
models. 

Using the temperature regime and the growth data from the residence period in Beulah 
Reservoir, the fish we modeled fit a p-value of 0.33 to 0.35 indicating fish were eating about 
33 percent to 35 percent of their theoretical maximum consumption.  This is well within the 
range estimates for fish studied in other areas of their range (Beauchamp and Van Tassell 
2001; Lowery 2009).  For this study, we also had to assume activity was similar to what was 
experienced by the laboratory fish.  Fish being more active in the wild, but not having the 
model account for this, may actually have a higher p-value when metabolic processes are 
accounted for.  Mesa et al. (2012) further suggested that had this been a lotic (river) system 
we would likely have to revise the data upward to account for increased activity costs due to 
flowing water.  However, they felt their model should be appropriate for lentic systems.  

As an example of applying the model to the Beulah Reservoir Bull Trout population, Figure 
16 and 17 illustrate the expected growth pattern of recaptured fish based on its starting and 
ending weights during the two capture periods.  Depending on when a given fish enters and 
exits the reservoir, the growth curves will shift one direction or another.  When this particular 
fish entered the reservoir water temperatures were near 15°C.  The fish showed significant 
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growth through at least mid-November before cooling water temperatures began to impact 
metabolism.  Again, prior to the fish exiting the reservoir, there was another increase in 
growth associated with the spring warming of the reservoir. It is important to note that from 
mid-November until early April during this simulation year fish exhibited almost no growth, 
and in fact would have been predicted to even lose a little weight due to temperature impacts 
on feeding and metabolism.   

The modeled growth curves were translated to a modeled consumption curve to demonstrate 
the feeding pattern that would have given rise to the observed growth of the fish (Figure 18 
and Figure 19).  For our modeled fish, when it first entered the reservoir, its food requirement 
was close to 10 grams per day which translates to nearly 2 percent of body weight/day 
(Figure 19).  By mid-November, this requirement has dropped by 90 percent and through the 
early April time period consumption was in the 0.2 percent body weight/day range.  
Temperature dependence is illustrated well as during brief warming periods, predicted 
consumption increases mirror the changes in temperature.  Again, this fits well with Mesa et 
al. (2012) where they show Cmax to be extremely low during periods of water temperatures 
between 0 and 4°C, which occur in Beulah Reservoir for much of the winter months. 

Following the modelling of a single fish, whole lake consumption was then calculated based 
on several theoretical Bull Trout population sizes.  Populations were 50, 100, 200, and 500 
individuals with an average weight of 400 g (Figure 19 and Figure 20).  A population of 50 
Bull Trout, upon first entering the reservoir in November could be expected to consume in 
the neighborhood of 300 g of prey per day, while a population of 500 would be consuming 
over 3 kg of prey per day.  Again, from mid-November through early April, population 
consumption decreases significantly because of cold water temperatures. 

Cumulative consumption provided a good estimate of what would be needed to maintain the 
population through the period they resided in the reservoir.  A population of 50 Bull Trout 
under modeled conditions would need approximately 18 kg of prey to allow it to overwinter 
and exit the reservoir at conditions we observed.  A population of 500 overwintering Bull 
Trout would need 180 kg of prey during that same period.  These estimates would of course 
vary depending on the water year, as during a cooler average year we would expect slightly 
lower consumption and during a warmer year, higher consumption.  Long-term temperature 
data from the monitoring station just above the inflow to Beulah Reservoir does not show 
any significant trends other than small seasonal differences every year so these results are 
likely applicable for the near future, barring any climatic increases in temperature.  We only 
had complete reservoir temperature data for a portion of the study and had to use this data 
across all years, but based on the stream temperature record, this data is likely representative 
of a typical year for Beulah Reservoir under the water conditions we observed.  Any 
differences in yearly temperature between our data and actual temperatures would be 
reflected in model differences in consumption parameters based on growth.  For this study, 
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however, the time period we collected data was the warmest of the 3 years, thus in the worst 
case scenario we were slightly overestimating consumption by these species.  Previous 
studies and modeling results from Beulah Reservoir, however, indicate temperature data 
similar to what we observed (Petersen and Kofoot 2002; Reclamation 2002).  If in the future, 
modelling suggests a shift in the temperature regime of the reservoir due to climate change 
that could result in very different estimates of the amount of prey needed to maintain the 
population. 

2. Rainbow Trout 

Unlike Bull Trout, we were able to obtain higher numbers of recaptures of Rainbow Trout 
due to a much larger population size (Table 6).  Rainbow Trout were also present in the 
reservoir throughout the year so we were able to obtain estimates of growth during summer 
and winter months, as well as data on growth for each year of the study and across all 
sampling.  For energetics modeling, we compiled data for 33 Rainbow Trout collected from 
Beulah Reservoir (Table 6).  The actual number of recaptures was much higher than shown 
here, but for large numbers of fish we had only length measurements, or the recaptures 
occurred within a single sampling period too close together to allow growth measurements to 
be made accurately.  We obtained some estimate of growth (weight gain) for the following 
periods:  May 2011 to October 2011 N=1, September 2011 to April 2012 N=3, April 2012 to 
October 2012 N=3, October 2012 to April/May 2013 N=18, and April/May 2013 - October 
2013 N=8, and one fish for the period April 2012 to April 2013, and one fish from October 
2012 to October 2013.  For each period, we used the overall average percent change in 
weight for Rainbow Trout within the time period for cases where there was more than one 
fish.  However, we have no real information in terms of which portions of the reservoir 
individuals inhabited on a long-term basis.  Temperature data we used for modeling was 
taken from data collected 2 m below the water surface. 

For each of these time periods, we parameterized the model for Rainbow Trout by using the 
average number of days between captures for fish, and average starting and ending weights.  
For whole reservoir predation estimates, we substituted the average weight for all trout 
captured during a time period, as this number of fish was substantially higher than the few 
recaptures and would represent a better estimate of the true size of fish in the reservoir.  For 
each time period modelled, we used the estimated Rainbow Trout biomass in the reservoir 
for that period based on population sizes (Table 5).  We further modeled the population under 
two diet scenarios. In the first case, it was assumed Rainbow Trout only persisted on a fish 
diet, and for the second case we assumed Rainbow Trout only ate a plankton diet.  Based on 
field observations we suspect the latter is true, but any estimate of diet can be made by 
adjusting the proportions of food eaten.  A 100 percent fish diet represents the lower 
boundary of consumption, while a 100 percent plankton diet represents the upper boundary 
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of consumption.  Plankton have a lower energy density and require higher consumption rates 
to achieve the same observed growth. 

Rainbow Trout have a much higher metabolic requirement for food than do Bull Trout, so 
even similar populations within the reservoir would be expected to have greater impacts upon 
the prey base.  Time intervals between each sampling event on Beulah Reservoir were used 
to delineate periods of prey consumption for Rainbow Trout (Figure 22 and Figure 23). 
During the winter months, the existing populations would be expected to consume about 2.5 
kg of fish a day if they were on an all fish diet and close to 3 kg per day on a plankton diet.  
In summer months, during the warmest observed period for 2012 the Rainbow Trout 
population was likely consuming close to 18 kg of fish or upwards of 25 kg of plankton on a 
daily basis.  Even though the population was smaller during 2013, the predation potential is 
significant at between 9 and 13 kg of food per day depending on prey preference. 

Field sampling indicated a continuous decrease in fall condition of Rainbow Trout across 
study years.  Energetics modeling coupled with known tolerances of Rainbow Trout, indicate 
this decrease in condition may be occurring for a couple of reasons (Matthew and Berg 1997; 
Selong et al. 2001).  Energetics analyses indicated the population of Rainbow Trout needed 
to be consuming a significant amount of prey to maintain itself even under times of 
decreasing condition.  Experimental data do suggest, however, that regardless of the amount 
of prey available in Beulah Reservoir it would not be unexpected to see the population lose 
condition from summer to fall.  Spring data suggest that the low water year of 2012 probably 
impacted fish based on prey availability.  Summer to fall data, though, has a large 
temperature component that could explain a lot of the difference in condition from spring to 
fall.  Beulah Reservoir becomes warm enough during the summer to approach a lethal limit 
for Rainbow Trout (Brett 1971; Currie, Bennett, and Beitinger 1998; Grande and Andersen 
1991; Hokanson, Kleiner, and Thorslund 1977; Taniguchi et al. 1998).  These studies have 
further shown that feeding rates are reduced as water temperatures approach the upper 
thermal tolerance limits for these fish and that fish simply cannot process food fast enough to 
maintain condition. 

3. Prey Base 

Our data presented here, combined with those of previous studies allowed the development 
of a reasonably comprehensive picture of the dynamics of a couple of the principle species 
inhabiting Beulah Reservoir.  When these data were analyzed in conjunction with analyses of 
the prey base data in Beulah Reservoir, it provided a better idea of the variety of factors 
potentially influencing Bull Trout populations.  All previous studies have attempted to 
measure populations, or an index thereof, of prey fishes in the reservoir.  Rose and Mesa 
(2007) further incorporated benthic invertebrates and pelagic aquatic insects to these 
analyses.  We took our studies a little further, and also examined phyto- and zooplankton 
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populations in addition to fish and benthic invertebrates.  While phytoplankton and 
zooplankton would not be considered a part of a larger Bull Trout’s typical diet, plankton are 
important in that they provide a majority of the food source for the fish prey base.  We did 
not look at pelagic aquatic insects during our study for a couple of reasons.  The primary 
reason being many pelagic stages of insects are usually only present for short periods of time 
during hatches when they may be actively migrating through the water column, or present in 
the water column only during certain times of day.  We were concerned that due to the short 
windows of time we sampled each fall and spring, we might not be adequately sampling 
these populations and our results could be misleading in terms of the importance of these 
populations.  Instead, we looked at average density of benthic dipterans across the reservoir 
of as an index of their abundance. 

Benthic invertebrate densities were correlated to water volume in the reservoir.  During years 
when the reservoir maintained a lower average volume, benthic insect populations were 
lower (Figure 24).  Many of these organisms will emerge at some point during the season and 
thus represent a potential food source.  The response is likely a function of whole reservoir 
productivity.  When Beulah Reservoir fills, it floods a lot of brush and grass habitat that has 
grown the previous spring and summer.  The breakdown of this material provides a large 
nutrient input to the reservoir.  Rose and Mesa (2013) noted similar results in that lower 
invertebrate densities were associated with years of lower water level.  Our study was not in-
depth enough to determine if emergence timing would coincide with a period of time Bull 
Trout are utilizing Beulah Reservoir.  

Plankton populations varied significantly over the course of our study as well (Figure 25). 
Interpreting the response of plankton populations to reservoir changes was more complex as 
it appeared there was evidence of predation induced changes coinciding with varying water 
levels.  Zooplankton essentially followed the same pattern as benthic invertebrates.  During 
high water, zooplankton biomass was higher.  Zooplankton body size was also larger in 2011 
and 2012 then it in 2013.  Phytoplankton, however, showed the opposite response, and during 
higher water we observed lower overall biovolume compared to times of low water.  These 
results, taken with fish density, indicate there was probably a significant predation impact 
during low water.  When the reservoir is drawn down, fish become more concentrated in the 
remaining pool and the lack of large bodied zooplankton was a likely indication of cropping 
by planktivorous fishes, which would include all small bodied fish species in the reservoir in 
addition to native and hatchery Rainbow Trout.  Cascading trophic interactions theory then 
predicts a reduction in zooplankton should result in higher phytoplankton populations as a 
result of lowered grazing pressure (Carpenter, Kitchell, and Hodgson 1985).  Beulah 
Reservoir conditions fit this model quite well and our analyses indicate that fish populations 
are probably high enough under some conditions to have noticeable impact on plankton 
populations.  This suggests that fish may be competing for a limited resource at low water 
levels.  At higher reservoir levels the added boosts of nutrients from decomposing vegetation 
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may also act to give phytoplankton populations a boost, and possibly not make impacts as 
noticeable.  Epiphytic organisms growing on flooded vegetation could provide a further 
source of food to smaller prey species.  

Fish are assumed to provide the principal prey base for Bull Trout in Beulah Reservoir.  
Combining our 3 years of data with 2 years of Rose and Mesa (2007; 2009) provided 5 
complete years of data to work with (Figure 26 and Figure 27).  We did not use data from 
Petersen and Kofoot 2002 or Petersen, Kofoot, and Rose 2003.  Petersen, Kofoot, and Rose 
(2003) applied most of their effort to gill netting and what fyke data they had showed 
unusually low numbers of fish compared to ours and Rose and Mesa’s data.  Unfortunately, 
their report says little about how nets were deployed so we were unable to draw any 
conclusions from their data other than some idea of which species predominated at that time. 

Using the data from Rose and Mesa, as well as our 3 years of sampling allowed the 
examination of a range of expected prey base populations under several different reservoir 
water level scenarios.  Since Bull Trout predation is modeled as a function of biomass, we 
converted data from both sets of studies to whole reservoir population biomass (Figure 27). 
At the high point of our monitoring it was estimated there were approximately 5,300 kg of 
suitably sized prey on the reservoir.  The lowest biomass estimate occurred during the fall of 
2013 following the lowest water period, but was still estimated at near 950 kg of potential 
prey sized fish.  Rose and Mesa noted lower values, with 640 kg during the spring of 2006 
and 2007; 203 kg during the fall of 2006; and between 60 and 90 kg from fall 2007 though 
spring 2008 following a complete dewatering of the reservoir.  

Rose and Mesa attribute much of the overwinter increase in biomass to growth of prey 
species during the winter, not to contribution from new individuals.  It was difficult to draw 
other than general conclusions about the differences in prey abundance for our study 
compared to Rose and Mesa’s studies because of the inherent variability in the system and 
the wide number of variables that could be affecting the fishery.  Sampling methods also 
varied between the studies in terms of frequency and location of net placement which could 
have had impacts on populations estimated for all of our studies.  Rose and Mesa leaned 
towards resetting their nets in similar areas, so if fish were not randomly mixing, this would 
tend to reduce the overall population estimate.  Conversely, we moved our nets widely from 
day-to-day and this degree of movement could have had the opposite effect.  As such, the 
true population estimates probably reside somewhere between ours and previous studies, as 
we could not quantify the sources of error. 
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4. CONCLUSIONS AND RECOMMENDATIONS 

Data suggests that a complete drawdown of Beulah Reservoir is deleterious to the Bull Trout 
population.  Rose and Mesa noted a reduction in Bull Trout K factor over winter following a 
year in which there was a complete drawdown, and in fact their model showed it would not 
have taken too large a Bull Trout population to have had a dietary requirement larger than the 
entire prey base within the reservoir.  This is similar to the results of the revised energetics 
model employed for our study.  Theoretically, when the reservoir was drained, there were 
enough prey sized fish remaining to support over 100 Bull Trout for the winter, a population 
size larger than the current average we determined to be present.  However, whether or not 
these few prey items could be found by Bull Trout is another question entirely.  The decrease 
in condition factor Rose and Mesa observed seems to point to the fact that while there may 
be enough prey, it does not necessarily mean Bull Trout can find those prey items. 

Conversely, the 2,000 acre-feet minimum pool observed in 2012 appeared to have no 
negative impacts on the Bull Trout overwintering in Beulah Reservoir.  Similar to previous 
years, condition actually tended to increase a little over winter in the reservoir, however, 
small sample sizes prevented us from running any significant statistical analyses, and those 
data should be taken as observational.  Likely at these levels we would be hesitant to say 
2,000 acre-feet is too low a reservoir level given the current population trends on the NFMR.  
In 2013, the reservoir storage was less than the study pool, with the reservoir maintaining a 
pool of between 1,400 and 1,500 acre-feet.  Our current study ended at this point and we do 
not know the status of the prey population for the following spring.  

Even though the reservoir went to a minimum pool during both 2012 and 2013, the pattern of 
drawdown was very different.  During 2012, reservoir levels decreased over the summer, 
reaching 2,000 acre-feet at the end of the irrigation season and immediately started to refill. 
In 2013, minimum pool was reached by early August and remained there through the rest of 
the irrigation season.  This difference in drawdown patterns might explain some of the 
difference in prey fish populations between the 2 years. 

Following a drawdown most authors have agreed that it could take one to several years for 
the reservoir prey base to fully recover to a point where it was prior to a drawdown.  At the 
beginning of our study and Rose and Mesa’s populations were sampled starting about one 
year after a drawdown and by this time data indicate prey fish populations having recovered 
enough to support a substantial Bull Trout population. 

Maintaining a minimum pool during the study could have had unintended consequences for 
the Bull Trout population for a variety of reasons.  We noticed over the 3 years of our study a 
dramatic increase in the presence of larger body sized suckers and Northern Pikeminnow 
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(Ptychocheilus oregonensis) —the former possibly competing with the prey base for 
resources and the latter competing directly with Bull Trout for food.  Historical gill netting 
data show similar patterns, where following sequences of years the reservoir did not draw 
down completely there was a dramatic increase in the populations of larger fish susceptible to 
gill netting (Petersen, Kofoot, and Rose 2003). 

The Petersen, Kofoot, and Rose (2003) and Petersen and Kofoot (2002) reports were also the 
first ones to mention crappie occurring in the reservoir.  The 2002 net data showed crappie 
making up over 40 percent of their fyke net catch, indicating significant numbers within the 
reservoir.  Rose and Mesa caught a few crappie during their study, but none the year 
following dewatering.  As our study progressed, we also noted an increase in numbers 
caught, including what we think are the first records of Largemouth Bass (Micropterus 
salmoides) caught. We caught no crappie the first year of our study, but by 2013 we were 
consistently catching what appeared to be 2-year classes of fish at the end.  Taking both these 
observations into consideration, this indicates a stable pool may be benefiting these typically 
reservoir oriented fish, and that periodic dewatering resets these populations.  We were not 
able to identify the origin of the bass and crappie.  There may be refugia upstream that allow 
them to repopulate, or possibly local anglers stocking them from a neighboring lake.  It is 
possible some remain at extremely low numbers following a drawdown and our netting 
surveys just never encountered them.  As a point of concern, adult Largemouth Bass could 
easily prey on smaller Bull Trout, and the shoreline preference that Bull Trout seem to have, 
would overlap with preferences of Largemouth Bass.  Once crappie reach a larger size they 
primarily target fish as a food source, and while not a predation risk to Bull Trout, could 
represent another potential source of competition for overwintering Bull Trout. 

Rainbow Trout are stocked yearly in Beulah Reservoir.  Observations indicate a portion of 
this population may behave similar to Bull Trout in that they migrate upstream into the 
NFMR during certain times of the year while the remainder of the population resides within 
the reservoir.  During years the reservoir draws down completely, the reservoir population is 
essentially reset and then repopulated by stocking the following spring, and with the addition 
of fish moving back into the reservoir from the NFMR in the fall.  Our observations 
regarding maintaining a more permanent pool indicate this may be of concern for the 
Rainbow Trout population, as it appears this population is negatively impacted by reduced 
pools at its current population level.  While there is fishing on the reservoir, the number of 
anglers is relatively low, based on our observations, and larger Rainbow Trout have no 
predators of significance in Beulah Reservoir other than anglers.  This apparently allows the 
populations, with continued stocking, to increase greatly during good years, but then to be 
extremely negatively impacted during low water years.  This was not observed during 
previous studies as during low water years the reservoir was drained completely so this 
reduced condition factor was never manifested. 
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We would recommend that to ensure any minimum pool requirement developed for Bull 
Trout populations is indeed functioning and that periodic sampling occurs in the reservoir to 
monitor status of both the prey base and Bull Trout populations.  The level of sampling need 
not be as comprehensive as during these studies to determine if the minimum pool is viable.  
There are enough uncertainties about a minimum pool elevation and its long-term impacts 
that this should be warranted.  Because of the highly variable nature of seasonal precipitation 
on the watershed, a specific minimum pool level is difficult to determine.  A series of good 
years where the reservoir fills completely, followed by a single dry year where we maintain a 
minimum pool, will have a different prey fish population response compared to a series of 
dry years where the reservoir does not fill completely, yet maintains that same minimum 
pool.  We could not expect the reservoir to be as productive during years it does not fill 
completely and inundate the adjacent grassland and vegetated habitat that would provide a 
large nutrient pulse.  The minimum pool really functions to hold a source population for the 
following year, and the size of that source population might be a good predictor of the rate of 
population recovery during good years.  The 2,000 acre-feet level used here seems a good 
starting point for an adaptive management approach to operating Beulah Reservoir.  Both 
years that we measured fish populations following drawdown to this minimum pool, we were 
able to measure prey populations high enough to support a significant overwintering 
population of Bull Trout. 

Based on our study, we would also suggest at this time that the reservoir is likely not a factor 
limiting the numbers of Bull Trout in the system.  Model simulations and field data 
demonstrate that under the current scenario of operations, the reservoir could support far 
more Bull Trout than on average are currently using it.  Most years, when Bull Trout migrate 
upstream in late spring/early summer, their condition suggests the population is not under 
stress.  There has been substantial variability in spawning counts in the watershed and as 
Rose and Mesa showed, this was correlated to reservoir levels with an offset factor 
incorporated.  Although we cannot say for certain, we highly suspect that water levels in 
Beulah Reservoir were simply an indicator as to overall habitat conditions across the 
watershed.  We found no evidence in this study to say Bull Trout were significantly impacted 
by water levels except when the reservoir was completely drained. 
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Figure 1. Typical pattern of net sets during spring when reservoir was at its fullest.  For 
more detail on netting locations see Prey Base report .  Red dot in upper northwest corner is 
approximate location of inflow weir and PIT tag array. 
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Figure 2. Typical fyke net set along shoreline of Beulah Reservoir.  Lead line extends out 
from shore to net.  This set is shallower than most, as most sets were typically selected to 
have just the top of the hoops exposed 
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Figure 3. Typical antenna installation.  Job box and solar array can be seen in the 
background while left foreground shows antenna with tuning box attached to fence post.  
Second picture shows pair of antenna as strung across the inflow above Beulah Reservoir. 
Due to slower read rates when multiplexing, we typically only used the better tuned of the two 
antennas. 
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Table 1. Bioenergetics parameters used for the Bull Trout model (from Mesa et al. 2012). 

***** Consumption Variables ***** 
Ca: 0.132 
Cb: -0.14 
Ck1: 0.06 
Ck4: 0.38 
Cq: 3 
Ctl: 21 
Ctm: 17.5 
Cto: 15.8 
Eq: 3 
Ration: 0 

***** Egestion & Excretion Variables ***** 
Eq: 2 
Fa: 0.212 
Fb: -0.222 
Fg: 0.631 
Ua: 0.031 
Ub: 0.58 
Ug: -0.299 

***** Predator Caloric Density Variables **** 
Alpha1: 5322 
Alpha2: 6149 
Beta1: 5.09 
Beta2: 0.367 
Cal: 0 
Cutoff: 100 
Eq: 2 
Cutoff: 0 

***** Respiration Variables ***** 
Act: 1 
Bact: 0 
Eq: 1 
Ra: 0.001 
Rb: -0.127 
Rk1: 1 
Rk4: 0 
Rq: 0.083 
Rt1: 0 
Rtm: 0 
Rto: 0 
Sda: 0.172 
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Table 2. Bioenergetics parameters employed for Rainbow Trout growth in Beulah 
Reservoir (from van Poorten and Waters 2010). 

***** Consumption Variables ***** 
Ca: 0.628 
Cb: -0.3 
Ck1: 0.2 
Ck4: 0.2 
Cq: 3.5 
Ctl: 24.3 
Ctm: 22.5 
Cto: 25 
Eq: 3 
Ration: 0 

***** Egestion & Excretion Variables *****
 
Eq: 3
 
Fa: 0.212
 
Fb: -0.222
 
Fg: 0.631
 
Ua: 0.031
 
Ub: 0.58
 
Ug: -0.299
 

***** Predator Caloric Density Variables **** 
Alpha1: 5763 
Alpha2: 0 
Beta1: 0.986 
Beta2: 0 
Cal: 5763 
Cutoff: 0 
Eq: 1 
Cutoff: 0 

***** Respiration Variables ***** 
Act: 1.3 
Bact: 0.041 
Eq: 2 
Ra: 0.013 
Rb: -0.217 
Rk1: 0 
Rk4: 0.13 
Rq: 2.2 
Rt1: 0 
Rtm: 26 
Rto: 22 
Sda: 0.172 
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Figure 4. Reservoir storage patterns in Beulah Reservoir since 1970. The lower panel 
shows water levels during the years of our study. Full pool elevation in Beulah Reservoir is 
59,900 acre-feet. 
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Figure 5. Seasonal pattern of inflow temperatures to Beulah Reservoir as measured at the 
USGS gage, MABO upstream of Beulah Reservoir. Vertical black lines in 2012 and 2013 
represent last upstream detection in the spring and first downstream detection in the fall of 
Bull Trout.  The Bull Trout critical habitat target thermal range is 2oC – 15oC; 15oC is marked by 
a black horizontal line. 
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Figure 6. Seasonal pattern of inflow temperatures to Beulah Reservoir as measured at the 
USGS gage, MABO upstream of Beulah Reservoir.  Vertical black lines in 2012 and 2013 
represent last upstream detection in the spring and first downstream detection in the fall of 
Bull Trout.  The Bull Trout critical habitat target thermal range is 2oC – 15oC; 15oC is marked by 
a black horizontal line. 
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Figure 7. Relative prey consumption for Bull Trout by biomass for all Bull Trout collected 
from Beulah Reservoir. 
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Figure 8. Percent composition of fish prey in Bull Trout stomachs, frequency of occurrence. 
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Table 3. Estimated age and length–at-age for Bull Trout collected from Beulah Reservoir. 
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Scale Derived Growth Estimates 
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Figure 9. Estimated size at age based on scale analyses for Bull Trout captured from 
Beulah Reservoir. 
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Table 4. Growth of PIT Tagged Bull Trout recaptured from Beulah Reservoir. Fish captured 
in April and again in October would have spent the summer higher in the watershed.  The two 
October - April fish overwintered in Beulah Reservoir. 

Date 
Capture 

Date 
Recapture 

Initial 
Length 
(mm) 

Recaptured 
Length 

Initial 
Weight (g) 

Recaptured 
Weight 

4/15/2012 10/11/2014 278 361 361 477 

4/14/2012 10/14/2012 268 371 196 375 

5/1/2012 10/14/2012 290 337 295 420 

4/19/2012 10/15/2012 262 324 201 403 

5/6/2012 10/2/2012 321 349 416 440 

4/14/2012 10/15/2012 354 402 522 552 

4/12/2012 10/11/2012 278 341 224 394 

Average 62 

10/18/2012 4/16/2013 379 401 564 640 

10/15/2012 4/10/2013 352 371 421 521 

Average 21 
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Figure 10. Bull Trout K factor across three years of study.  Top panel is K factor for spring 
samples.  These fish have overwintered in Beulah Reservoir.  Bottom panel is for fish 
captured in the fall having summered in the upper watershed upstream of Beulah Reservoir. 
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Pit tagged Bull Trout Movement Timing 
into and Out of Beulah Reservoir 

Date 

9/1
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Five fish detected moving downstream Fall 2011 
Fifteen fish moving upstream detected Spring 2012 
Eight through end of field season moving down Fall 2012 
Thirty Five Fish moving up in Spring 2013 

Of 67 Bull trout detected at the antenna 58 moved when it was dark. 

Spring 2012 antenna experienced electrical problems and was blown out by weir and 
non-operational for a significant period of time from April-May. 

Downstream detections much more difficult do to fish speed and array design. 

Figure 11. Pit tag detections at the antenna station just upstream of Beulah Reservoir 
depicting the time span each season fish were observed entering and exiting the reservoir. 
Most upstream and downstream migrations were observed to occur at night. 
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Figure  12.  Rainbow Trout population  sampling  for  6 sampling periods   from spring 2011 
through fall 2013  yielded  population estimates  of  5,375;  1,513;  3,757;  4,061;  1,657;  and  1,849,  
respectively.  Higher numbers of recaptures resulted in  greater  accuracy of  overall population  
estimates following sampling during the spring of 2011.  
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Table 5. Estimated population biomass of Rainbow Trout in Beulah Reservoir from spring 
2011 through the fall of 2013.  Biomass estimates were generated using the average weight of 
trout captured multiplied by the estimated fish population. 

Period Weight Length N Population Biomass Trout (g) 

Spring 2011 371.1569 628.211 102 5375 1994968.137 

Fall 2011 398.5965 797.158 57 1512 602677.8947 

Spring 2012 405.1603 758.387 132 3757 1522187.267 

Fall 2012 314.6642 383.166 543 4061 1277851.343 

Spring 2013 359.5524 439.052 391 1657 595778.376 

Fall 2013 320.7377 285.308 320 1848 592723.1852 
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Figure 13. Relative prey consumption for Rainbow Trout by biomass for all Rainbow Trout 
collected from Beulah Reservoir. 
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Figure  14.  Percent composition of fish prey in Rainbow  Trout  stomachs, frequency of  
occurrence.  
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Figure 15. Fulton condition factor K of Rainbow Trout collected from Beulah Reservoir from 
2011-2013.  Top panel represents fish collected during the spring, and bottom panel 
represents those collected during fall surveys. 
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Figure 16. Data from one of two Bull Trout overwintering in Beulah Reservoir we recaptured.  
This fish was first captured on October 4, 2012, and recaptured on April 18, 2013.  It left the 
reservoir of May11th, 2013.  At time of first capture it weighed 539 grams and was 371 mm TL, 
at recapture it was 403 mm TL, and 650 grams.  The figure below predicts that the growth 
pattern likely was using modeled data.  The black line represents weight and the red dashed 
line, temperature. 
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Figure 17. Data from the same Bull Trout overwintering in Beulah Reservoir. This fish was 
first captured on October 4, 2012, and recaptured on April 18, 2013.  It left the reservoir of 
May11, 2013.  Data here represents specific growth rate of Bull Trout as weight increase in 
grams per gram of predator weight.  The black line represents specific growth and the red 
dashed line, temperature. 
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Figure 18. Data from one of two Bull Trout overwintering in Beulah Reservoir we recaptured.  
This fish was first captured on October 4, 2012, and recaptured on April, 18, 2013.  It left the 
reservoir of May11, 2013.  The graph shows modeled daily prey consumption for this fish 
based on its weight and what would be needed to support a fish of its size under the given 
temperature regime.  The black line represents grams of prey fish/day, and the red dashed 
line, temperature. 
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Figure 19. Data from one of two Bull Trout overwintering in Beulah Reservoir we recaptured.  
This fish was first captured on October 4, 2012, and recaptured on April, 18, 2013.  It left the 
reservoir of May11, 2013.  Specific prey consumption for Bull Trout. Assuming most Bull 
Trout in Beulah Reservoir are similar metabolically the following graph represents the amount 
of prey required on a daily basis as grams of prey per grams of predator per day.  In early fall 
when the water was still warm consumption approaches 2 percent of body weight per day, but 
is an order of magnitude lower in the winter.  The black line represents specific consumption 
and the red dashed line, temperature. 
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Figure 20. Daily reservoir total prey fish consumption by Bull Trout population of average 
weight fish of 400 g and population of size N.  Dotted lines represent plus or minus 20 percent 
changes in modeled predation rate. 
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Figure 21. Seasonal cumulative prey fish consumption by Bull Trout population of average 
weight fish of 400 g and populations of size N in Beulah Reservoir.  Dotted lines represent 
plus or minus 20 percent changes in modeled predation rate. 
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Table 6. Growth data from recaptured Rainbow Trout in Beulah Reservoir. 

Time Int StartDate Days Start End Avg Weight percent change 
5/11-10/11 1 40688 137 602 896 749 0.39 
9/11-4/12 2 40811 212 930 1231 1080 0.28 
9/11-4/12 2 40813 217 1105 894 999 -0.21 
9/11-4/12 2 80810 204 415 720 566 0.54 
4/12-10/12 3 41013 187 1806 1584 1695 -0.13 
4/12-10/12 3 41027 166 622 659 640.5 0.06 
4/12-10/12 3 41027 172 827 910 868.85 0.10 
10/12-4/13 4 41186 193 632 536 548 -0.16 
10/12-4/13 4 41186 189 218 220 219 0.01 
10/12-4/13 4 41187 202 611 500 555.5 -0.20 
10/12-4/13 4 41197 203 745 559 652 -0.25 
10/12-4/13 4 41188 212 789.2 636 712.6 -0.21 
10/12-4/13 4 41187 198 615.2 552 639.1 0.07 
10/12-4/13 4 41196 186 210 186 198 -0.12 
10/12-4/13 4 41199 198 596 406 501 -0.38 
10/12-4/13 4 41193 183 240 221 230.5 -0.08 
10/12-4/13 4 41193 186 948 730 839 -0.26 
10/12-4/13 4 41197 200 183 199 191 0.08 
10/12-4/13 4 41199 196 182 203 192.5 0.11 
10/12-4/13 4 41196 204 598 489 543.5 -0.20 
10/12-4/13 4 41194 182 768 637 702.5 -0.19 
10/12-4/13 4 41194 206 1305 937 1121 -0.33 
10/12-4/13 4 41199 203 745 552 648.5 -0.30 
5/13-10/13 5 41397 161 318 292 305 -0.09 
5/13-10/13 5 41397 161 225 195 210 -0.14 
5/13-10/13 5 41391 170 302 271 286.5 -0.11 
5/13-10/13 5 41395 162 216 234 225 0.08 
5/13-10/13 5 41392 170 170 221 195.5 0.26 
5/13-10/13 5 41376 181 324 312 318 -0.04 
5/13-10/13 5 41375 183 610 533 571.5 -0.13 
5/13-10/13 5 41379 172 181 209 1995 0.14 
4/12-4/13 6 41023 367 1231 948 1098 -0.26 
10/12-10/13 7 41193 359 580 387 483 -0.40 
10/12-10/13 4 41187 375 191.1 280 235.55 0.38 
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Figure 22. Modelled daily whole reservoir prey consumption by Rainbow Trout residing in 
Beulah Reservoir. Consumption estimates are based on populations estimates obtained 
through mark recapture for each time period.  Black lines denoted P indicate a plankton diet 
where red lines denoted F indicate a fish diet. 
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Figure 23. Modelled cumulative whole reservoir prey consumption by Rainbow Trout 
residing Beulah Reservoir. Consumption estimates are based on populations estimates 
obtained through mark recapture for each time period.  Black lines denoted P indicate a 
plankton diet where red lines denoted F indicate a fish diet 
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Figure 24. Fall benthic dipteran density as a function of end of season water level in Beulah 
Reservoir during the period 2010-2013. 
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Figure 25. Phytoplankton biovolume and zooplankton biomass collected from Beulah 
Reservoir from fall 2010 through fall 2014. 
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Figure 26. Hydroacoustic estimation of fish populations in Beulah Reservoir (black circles) 
vs net estimates (red circles) including data from 2006 to 2008 from Rose and Mesa’s 2013 
USGS study.  Hydroacoustic estimates are not equivalent to mark-recapture data across study 
periods, but within our study period were a good check of trends in fish populations during 
fall sampling periods.  Spring periods differed significantly as hydroacoustics were ineffective 
for sampling areas of the reservoir containing flooded vegetation and shallow weedy habitat.  
In the fall low reservoir pool provided an ideal sampling volume. 
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Figure 27. Estimated prey fish populations in Beulah Reservoir represented as total biomass.  
Biomass was estimated by multiplying the average weight of each prey species, by their 
respective population sizes.  Red dashed lines from the bottom up represent cumulative 
seasonal consumption by Bull Trout populations of 50, 100, 200, and 500, respectively. 
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