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ABSTRACT

Flows in the Bighorn River at the start of this study period were at levels desirable for the river fishery, but conditions started turning dry in the fall of 1999. Conservative operations of Yellowtail Dam helped maintain reasonable fisheries flows in the Bighorn River through early spring 2001. By May 2001, river flows were reduced below 2,000 cfs; and by late September 2001, flows were down to the absolute minimum fisheries flow of 1,500 cfs. River flows remained at or below this absolute minimum level through the remainder of the report period. 

The brown trout population in the upper Bighorn River reached an 11 yr high in 1998, at the end of almost 10 years of good river flows; then the impacts of the drought started to show. As in past low-water periods on the Bighorn, young trout were the first to show the impacts. Brown- trout population estimates in the upper river reached new low levels in 1999 and 2000, increased slightly in 2001, then dropped significantly down to only 805 9 in and longer brown trout per mile in 2002. Brown-trout numbers in the lower river held up through 1999, then experienced major declines each year through 2002, when the population reached a new record low of only 406 6 in and longer brown trout per mile.

The estimated rainbow population in the upper Bighorn River in 1998 was down significantly from the record high levels set in 1997, but was still the second highest ever recorded in the upper Bighorn. As with brown trout, populations of young rainbow were the first to show the impacts of low water beginning in 1999, when it was not possible to calculate an estimate for rainbows less than 11 in long. In 2000 and 2001, it was only possible to calculate estimates for rainbow 15 in and longer. Populations of larger rainbow held up well through 1999 and 2000, then showed a major decline in 2001. The number of rainbows marked and recaptured in six days of electrofishing during the spring of 2002 did not produce enough recaptures to allow any rainbow estimate to be calculated for the upper river in 2002. 

The rainbow population in the lower river showed some of the drought effects observed in the upper river. The 1998 rainbow population in the lower river dropped significantly from 1997 levels due to a weak age-one year class; however, populations of older rainbows increased over 1997 levels. A strong age-one year class in 1999 helped push the rainbow population estimate in the lower river back up to levels experienced during most of the 1990's. Beginning in 2000, numbers of small rainbows declined to the point that it was only possible to calculate estimates for rainbows 10 in and longer in 2000, and 13 in and longer in 2001. Numbers of larger rainbows held up fairly well during this period. Rainbow sampling in the lower river was encouraging in 2002. Although numbers of larger rainbow remained low, it was possible to calculate good estimates for rainbows 6 in and longer, with a good distribution of all sizes of fish represented in the population. 

Although numbers were too low to allow any kind of estimate, there were still reasonable numbers of young-of-year (YOY) brown trout and rainbow present in the river throughout the study period, indicating that both species were successfully spawning at the lower flows. Based on electrofishing results, very few of these young fish were successfully recruiting into the population, especially in the upper river. Numbers of both brown trout and rainbow between about 6 and 15 in in length were very low in the upper river in 2002. Effects of these missing year classes of trout will continue to compound with ongoing low flows. However, the full impact to the angler may not show up until flows return to normal, and the remaining trout populations are spread through a much larger volume of water. Current trends indicate drought conditions in the Bighorn Drainage will continue into the foreseeable future.  
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PROCEDURES

The study area consists of the Bighorn River in south central Montana from Yellowtail Afterbay Dam downstream to its confluence with the Yellowstone River. Two long-term electrofishing sections were established on the river upstream of Two Leggins Fishing Access Site (FAS), and have been sampled on an annual basis. The upper or standard electrofishing section starts at River Mile (RM) 3.8, just downstream of Three Mile FAS and extends 4.2 miles downstream to just upstream of the  "rapids." The lower or St. Xavier shocking section starts at RM 17.6, upstream of the mouth of Rotten Grass Creek, and extends 4.0 mi downstream to RM 21.6, just downstream of Mallards Landing FAS (Figure 1). RM denoted in this report refers to distance downstream from the Afterbay Dam.

The upper shocking section was sampled in mid-to-late June, with recapture efforts continuing into early July. Three to four days were spent marking fish in this section. After a seven to ten day break, two to three days were spent recapturing the section. The lower electrofishing section was normally worked in mid-to-late September. Two to four days were spent marking, with two to three days for recapture. 

Electrofishing on these two sections of the Bighorn River was conducted during daylight hours using a fixed-boom electrofishing boat powered by an outboard jet engine. The electrofishing equipment used was a Coffelt VVP-15 shocking box powered by a 6,500 watt Honda generator. All electrofishing on the upper Bighorn River was conducted using straight DC current, producing around 2,000 watts of power at an output of around 200 volts and 9 to 11 amps.

All fish were measured to the nearest 0.1 in and weighed to the nearest .01 lb on a standard spring platform scale. Ten scale samples were taken per ½  in size group, from an area above the lateral line posterior to the dorsal fin. Scale samples were mounted on acetate sheets, and the impressions were read on a microfiche reader.

River flow data were extracted from US Geological Survey (USGS) and Bureau of Reclamation (BOR) records measured at the Afterbay Dam and the USGS gage house just downstream of the dam. Flow and water-level summaries were from the BOR annual operating plan summary for Yellowtail Reservoir (Bighorn Lake).
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RESULTS AND DISCUSSION

Stream Flows

Flows in the Bighorn River remained at levels desirable for the fishery during the early part of this study period, but without the extreme fluctuations experienced during most of the 1990's. Conditions turned dry during the winter of 1999 and into 2000, but conservative management of Bighorn Lake levels by the Montana Projects Office of the Bureau of Reclamation (BOR) helped maintain good river flows during the start of this dry period. Average monthly river flows remained at or above the preferred minimum fisheries flow of 2,500 cfs until the spring of 2000. Average river flows dropped to 2,467 cfs in April, down to 2,200 cfs in June, and dropped below 2,000 cfs in early September. Flows remained at around 2,000 cfs for the remainder of the year. 

Drought conditions persisted in the Bighorn Basin through the winter and spring of 2000-2001. Above normal precipitation in early May helped some, but the April-July inflow into Bighorn Lake was only 55% of normal, with the June-July inflow being the fifth lowest on record.   Bighorn river flows remained close to 2,000 cfs through early spring 2001, then dropped to about 1,850 cfs the second week in May at a time when spring runoff should have been starting. River flows continued to slowly decline through the rest of the summer, dropping below 1,800 cfs by late July and down to 1,600 cfs by August 5. Bighorn flows reached the absolute minimum flow of 1,500 cfs in late September 2001 and remained at this level for the rest of the year. 

Despite conservative river releases, lake levels in Bighorn Lake continued to drop. Reservoir levels were at elevation 3621.25 ft on October 1, 2000, the beginning of the 2001 water year. This level was 18.75 ft below the top of the joint-use pool and the sixth lowest level ever recorded for this time of year. 

The ongoing dry weather pattern continued to plague much of Montana and Wyoming during the fall and winter of 2001-2002. Bighorn Lake entered the 2002 water year on October 1, 2001, at an elevation of 3602.82 ft, 37.18 ft below the top of the joint-use pool. This level was the lowest storage recorded at the end of a water year since the construction of Yellowtail Dam was completed. Conservative releases from the upstream reservoirs in Wyoming added to the problem by limiting winter inflows into Bighorn Lake and resulting in record low December through February inflows. Precipitation in the Bighorn Basin improved some in early spring 2002, but drought conditions were back by April. April and May inflows into Bighorn Lake were the lowest monthly inflows recorded since the construction of Yellowtail Dam. Actual April‑July 2002 runoff into Bighorn Lake was only 34% of normal and was the lowest of record. Bighorn Lake water levels peaked on June 25, 2002 at an elevation of 3593.82 ft, 46.18 ft down from the top of the joint-use pool. 

As a result of these ongoing drought conditions, river flows were maintained at or below 1,500 cfs through all of 2002. River flows were actually reduced below the minimum flow of 1,500 cfs, to 1,250 cfs for 10 days in late June and early July 2002, in a futile attempt to increase water levels in Bighorn Lake enough to allow the Ok-A-Beh boat ramp to open. Flows were then maintained at about 1,450 cfs until October 28, 2002, when river releases were again dropped to about 1,300 cfs, where they remained through the end of the year. 

Even with conservative river releases, Bighorn Lake reached a new record low storage content of 623,181 acre-feet on September 9, 2002. The lake was at elevation 3576.15 ft, 63.85 ft below the top of the joint-use pool.  

The maximum daily river flow recorded in 1998 was 6,872 cfs in mid-July. Flows remained above 6,000 cfs for 14 days before dropping back to around 4,500 cfs for most of the summer fishing season. In 1999 river flows rose above 9,000 cfs in June and remained at this level for 20 days. The maximum daily flow recorded in 1999 was 9,986 cfs. River flows stayed close to 7,000 cfs through July before dropping back to between 3,500 and 4,500 cfs for the rest of the summer. The maximum daily flow recorded in the Bighorn River in 2000 was only 2,478 cfs occurring in late March. River flows continued to decline from this point right through spring runoff, dropping to 2,000 cfs by the second week in September. The maximum daily flow recorded in 2001 was only 1,989 cfs in February, with no rise during spring runoff. In 2002, maximum daily river flows occasionally exceeded 1,500 cfs early in the year, as river releases bounced around 1,500 cfs, with a maximum flow of 1,527 cfs reported in March.

Flows have always been considered to be the single greatest factor controlling the fishery on the Bighorn River. Ongoing drought conditions in the Bighorn Basin that began in the fall of 1999 have resulted in a record period of low flows. As of December 31, 2002, flows had been maintained at or below the absolute minimum fisheries flow of 1,500 cfs for a period of 462 continuous days, and below 1,300 cfs for 96 continuous days.  

Angler Use
The best angler-use data available for the Bighorn River has been the standardized, mail-back survey conducted every other year by Montana Fish, Wildlife and Parks (FWP). Beginning in 1991, the Bighorn River was divided into three sections for this survey. Section 1 extends from the mouth of the Bighorn River at the Yellowstone River upstream to the mouth of the Little Bighorn River near Hardin. Section 2 extends from the Little Bighorn River upstream to Bighorn FAS, approximately 12 miles downstream from the Afterbay Dam. Section 3 represents the upper 12 miles of river from Bighorn FAS to the dam. Most of the angler use occurs in the upper two sections of river, with a majority of use in section 3. In 1991, the mail-back survey reported a total of 49,463 angler days of use in section 3, with an additional 13,054 angler days in section 2. Nonresident anglers comprised 54% of the use reported for section 3 (FWP 1991). Angler use continued to increase on the Bighorn through the 1990's, peaking in the 1999 mail-back survey at 94,361 angler days in section 3, plus 21,696 angler days in section 2. Nonresident anglers comprised 61% of the angler use reported for section 3 (FWP 1999). The 2001 mail-back survey showed a 21% drop in angler use from 1999 levels in section 3, while section 2 use remained close to 1999 levels at 20,668 angler days. Nonresident anglers comprised 62.5% of the 2001 use reported for section 3 (FWP 2001). The drop in use between 1999 and 2001 may have been partially due to low flows during this period.

Computerized, digital car counters were installed at both Bighorn FAS and Three Mile FAS in May 1992, in an effort to obtain additional angler-use data. These counters were set to record and store vehicle counts every 6 hours. These counters were maintained at both sites through early 1999, but proved to be quite unreliable. By 1999, the technology of these car counters fell so far behind advancing computer technology that they became unusable and were removed. A creel clerk was hired to conduct a random vehicle and angler creel surveys at these two car counter sites from July 1994 to June 1995. The goal of this survey was to validate the car counter data and to collect data necessary to relate car counter counts to angler use on the Bighorn River.

Funding became available in 2001 to contract a statistician to evaluate and summarize the car counter and angler survey data from the upper Bighorn River. Results of this study were published in a separate report (Rauscher 2001). This study utilized intermittent car counter data collected at both fishing access sites to identify vehicle use patterns for both sites. Information collected during the angler-use study was used to develop monthly load factors relating car-counter counts to various factors such as number and type of angler per vehicle, number and types of shuttle vehicles represented in the counts, and residency status of anglers crossing the counter. A more reliable monthly counter has now replaced the digital car counter at Bighorn FAS. Efforts are ongoing to try and relate the load factors developed in Rauscher (2001) to data from this new counter.

Brown Trout

Standard Section

The estimated brown trout population in the standard shocking section showed a major increase between 1997 and 1998, to 8,824 age-one and older brown trout per mile. This estimate was the second highest brown trout population since electrofishing started in 1981. A population of 9,933 age-one and older brown trout per mile was estimated in 1987 (Table 1). Similar to the 1987 population, the 1998 brown trout population contained a wide distribution of age classes. Age-one brown trout comprised over 49% of the estimated population in 1998, while a strong three-year-old year-class dominated the older fish (Figure 2). This class was the strongest three-year-old brown trout population estimated in the standard section to date (Table 1). The 1998 age-one year-class was second only to the age-one year-class estimated in 1994 (Table 1). 

Numerous factors affect the reliability of annual population estimates on the Bighorn River. One key factor affecting how successful the age-one population of brown trout is sampled and estimated is the river flow during electrofishing. Figure 3 compares the estimated age-one brown trout populations in the standard shocking section since 1992 to the average river flow during the sampling period for that year. The sampling schedule for the standard shocking section changed from fall to spring in 1992, so the same relationship did not exist prior to 1992.  Spring sampling flows, generally high through most of the 1990's, dropped with the drought conditions beginning in 1999. A strong inverse relationship was evident for these two factors for each year up to 2000. Sampling flows were low in 1992, 1994 and 1998, which were the years with the highest age-one estimates (Figure 3). Large age-one estimates helped inflate total brown trout populations estimates in these years (Figure 2). Without the strong age-one year-class, the 1998 brown trout estimate would have been only slightly higher than the 1996 and 1997 estimates. Age-one brown trout populations may have been just as strong during some of the other years as they were in 1994 and 1998, but the smaller fish were not successfully sampled during higher flows. Small brown trout may have been moved out of the shocking section by higher flows, or they may have been along the shallow river edges, in smaller side channels, or in deeper water where they were not available to the shocking boat. This relationship is an example of why it is so difficult 

Table 1.  
Estimated number of brown trout per mile, by age, in the standard 


electrofishing section (RM 3.8-8.0) of the Bighorn River, from 1986 to 2002.
	Date
	
Age

	
	
I
	
II
	
III
	
IV
	
V+
	
Total

	6/20021/
	—
	—
	—
	—
	—
	805

	6/2001
	1,601
	34
	587
	156
	2
	2,380

	6/2000
	376
	60
	1,508
	160
	(
	2,104

	6/99
	48
	335
	1,604
	125
	(
	2,113

	6/98
	4,361
	1,186
	3,109
	168
	(
	8,824

	6/97
	
132
	

1,295
	
2, 493
	
104
	
4
	
4,029

	6/96
	
884
	
1,027
	
1,472
	
18
	
2
	
3,403

	6/95
	
776
	
705
	
1,000
	
201
	
1
	
2,683

	6/94
	
5,171
	
143
	
849
	
75
	
—
	
6,238

	6/93
	
1,241
	
295
	
1,721
	
329
	
10
	
3,596

	6/92
	
3,806
	
409
	
600
	
172
	
4
	
4,991

	12/91
	
1,892
	
1,523
	
807
	
112
	
—
	
4,334

	9/90
	
3,314
	
936
	
958
	
15
	
—
	
5,223

	9/89
	
1,294
	
1,023
	
2,558
	
166
	
4
	
5,045

	9/88
	
1,008
	
1,858
	
2,507
	
116
	
8
	
5,497

	9/87
	
3,109
	
3,606
	
2,913
	
280
	
25
	
9,933

	9/86
	
3,354
	
2,781
	
1,098
	
265
	
62
	
7,566


1/   Fish 9 in and longer, not yet aged.
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Figure 2.
Estimated number (and age composition) of brown trout per mile in 




the standard electrofishing section (RM 3.8-8,0) of the Bighorn




River, 1986-2002.
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Figure 3.
Relationship between the estimated age-one brown trout population 

in the standard electrofishing section of the Bighorn River and 






 average river flows, during sampling each year between 1992 and 2002.

to accurately estimate trout population levels in the Bighorn River. Mark/recapture estimates provide good trend data for the Bighorn, but the actual number estimates are less reliable.

Brown trout populations declined noticeably between 1998 and 1999. The estimated brown trout population in the standard shocking section in 1999 was only 2,113 age-one and older brown trout per mile, the lowest estimate for this section since 1986 (Figure 2). The main factor in this decline was a lack of age-one fish. This estimate included only 48 age-one brown trout per mile, the lowest up to this point (Table 1). High flows during electrofishing may have again been a major factor in this low age-one estimate (Figure 3). Other data indicated that a strong brown trout year class was produced in 1998. Fall sampling in the lower shocking section in 1998 found a very strong young-of-year (YOY) age class of brown trout. Mark/recapture efforts in the lower section recaptured enough YOY brown trout to allow an estimate of these small fish. The estimated YOY population was over 4,600 brown trout per mile. Fall population estimates in the lower shocking section in 1999 also indicated a very strong 1998 year class was present in the river. One-year-old brown trout were abundant in other parts of the Bighorn River in 1999, but were unavailable to the electrofishing crew during June in the standard shocking section.  

Three-year-old brown trout produced in 1996 comprised 76% of the brown trout population estimated in 1999. When comparing estimates for two-year-old and older brown trout, the fish anglers would be concerned about, the 1999 population was not as bad as it first appeared. Estimates of two-year-old and older brown trout for 1992, 1994 and 1995 were 1,185, 1,067 and 1,907 brown trout per mile, respectively. These were all lower than the 2,065 age-two and older brown trout per mile estimated in 1999 (Figure 4).

The strong one-year-old year class of brown trout represented by the high age-one estimate in 1998 was hardly represented in the 1999 brown trout population. The 1997 year class showed a 92% decline between 1998 and 1999. This apparent decline was probably more a result of sampling irregularities than a true loss of this age class of fish. Movement of different age classes of trout in and out of electrofishing sections between years has been discussed in past  reports (Frazer 1990, 1993, 1999). It has been fairly common to have a strong brown trout year class disappear from the standard shocking section as two-year-old fish and then reappear as older fish.  

Figure 5 highlights several examples of this brown trout movement pattern. The strong age-one year class observed in 1992 declined by almost 98% into 1993. Between 1993 and 1994, this year class of fish increased by almost 290%. The strong age-one year class in 1994 declined by 86% in 1995, then increased by over 200% into 1996. The 1996 year class of brown trout appeared as a very weak age-one year class in 1997, the year with the highest sampling flows (Figure 3). The estimated number of brown trout in this year class increased by almost 900% into 1998, and increased again by 135% as age 3 brown trout in 1999. The 1997 year class represented by the strong age-one year class in 1998 declined by 92% into 1999, then increased by 350% into 2000.
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Figure 4.
Number of two-year-old and older brown trout estimated in the 





standard electrofishing section of the Bighorn River for various





years between 1986 and 2002.
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Figure 5.
Examples of movement of various year classes of brown trout in






and out of the standard electrofishing section during succeeding






years of shocking.

The estimated brown trout population in 2000 remained essentially the same as the 1999 population at 2,104 age-one and older brown trout per mile. Three-year-old brown trout from the strong 1997 year class were the dominant fish in the 2000 population (Figure 2). The estimated one-year-old brown trout population was up from the 1999 level, but was still the third weakest age-one population estimated since 1986 (Table 1). The 1998 year class represented by the low age-one estimate in 1999 remained weak in 2000. The number of two-year-old and older brown trout estimated in 2000 was still higher than levels seen in 1992 and 1994, and anglers continued to report good fishing throughout the year. The 2000 estimate was the first since 1992 where the age-one brown trout estimate did not show an inverse relationship to sampling flows (Figure 3). Average flows during June 2000 were about 2,300 cfs, the third lowest sampling flow recorded. Yet, the age-one brown trout estimate was also the third lowest recorded. These data provided a strong indication that brown trout recruitment was poor in 1999. Poor brown trout recruitment was reinforced by a very weak age-one estimate in the lower shocking section in the fall of 2000 (Figure 2).

The 2001 estimate of   2,380 age-one and older brown trout per mile was a slight increase over the previous two years. This increase was due entirely to an improved age-one estimate of 1,601 brown trout per mile in 2001. The estimated number of two-year-old and older brown trout dropped to only 779 fish per mile, which was the lowest two-year-old and older brown trout estimate for the upper river since sampling began in 1981.

River flows during the 2001 shocking operation were the second lowest shocking flows recorded since 1992 (Figure 3). Even though the estimated age-one brown trout population did show a significant increase over the previous two years, the age-one estimate in 2001 was well below those reported in 1992, 1994, and 1998, when flows were in the same low range (Figure 3). This low age-one estimate under good electrofishing conditions, combined with record low age-two-and-older estimates, were strong evidence that continuing low flows were having a major impact on river trout populations. 

By the time spring electrofishing was conducted in the standard section on June 24, 2002, Bighorn River flows had been near the absolute minimum level of 1,500 cfs for 325 days. The 2002 estimated brown trout population exemplified the impacts these low flows were having on the trout populations. The estimated brown trout population dropped to only 805 9 in and longer brown trout per mile in the upper section (Figure 2).

Only 1,103 brown trout were handled during three days of marking and three days of recapturing on the 4.2 mi standard section in 2002. In the past, a good day of electrofishing on this section of the Bighorn River could easily produce a catch of 600 or more brown trout. Over 21% of the brown trout handled in 2002 were yearling fish between 3.5 and 6.0 in long. Ninety-one of these smaller brown trout were marked, but no marked yearling fish were recaptured. Therefore, it was not possible to calculate an estimate for brown trout under 9 in long in 2002. A major concern with the 2002 data was that only 19 brown trout between 6 and 14 in long were handled during 6 days of shocking. Only three marked brown trout between 9 and 15 in long were recaptured during three days of electrofishing. The lack of mid-sized fish in the population made it difficult to calculate a good estimate for these fish. The estimate of 805 9 in and longer brown trout per mile is based on a questionable estimate for fish from 9 in to 15 in long. A good estimate of 748 brown trout per mile was calculated for brown trout 15 in and longer. These data show that brown trout between 9 and 15 in constituted a small portion of the total brown trout population left in the river. No age data were available for the 2002 fish, but based on past age data, most of the brown trout over 9 in long were probably two years old and older. The estimated population of 805 two-year-old and older brown trout per mile in 2002 was comparable to the two-year-old and older estimate of 779 reported in 2001. Although it was not possible to estimate the population of age-one brown trout in the upper Bighorn in 2002, there were enough yearling fish captured to show some successful spawning was still occurring at the low flows.

June flows in 2002 were the lowest ever experienced during spring shocking in the standard section (Figure 3). Based on the relationship between shocking flows and the estimated population of age-one brown trout discussed previously, 2002 should have produced a record age one-year class of brown trout under normal conditions. The fact that numbers of age-one brown trout were too low, under these flow conditions, to allow any kind of an estimate shows how severely the brown trout population has been impacted by ongoing low flows.                

Poor sampling efficiencies for age-one fish, combined with movement of various age classes in and out of the shocking section, made it difficult to get estimates on actual brown trout mortality rates. The population of age-one brown trout, sampled during high flows in 1997, increased by 798% as two-year-old fish in 1998 (Table 2). The two-year-old population in 1997 increased by 140% in 1998, as more three-year-old fish moved into the shocking section. The same pattern of three-year-old fish moving into the shocking section was evident between 1998 and 1999, 1999 and 2000, and 2000 and 2001. This movement resulted in a 35% increase in the 1996 year class between 1998 and 1999, a 350% increase in the 1997 year class between 1999 and 2000 and an 878% increase in the 1998 year class between 2000 and 2001. Mortality rates for three-year-old and older brown trout were high every year (Table 2). 

The influx of brown trout into the population as both two- and three-year-old fish in 1998 resulted in a net gain of 10.8% in the total population between 1997 and 1998. The annual mortality rate between 1998 and 1999 jumped to 76.6%, one of the highest rates ever recorded on the Bighorn. Even the movement of brown trout back into the shocking section between two and three years of age was not able to offset the  "apparent" large loss of the 1997 year class between age-one and two. An increase in both two- and three-year-old fish into the population between 1999 and 2000 offset the high mortality rates recorded for three- and four-year-old fish between these years. The resulting mortality rate of 18.2% was near the lower end of natural mortality rates recorded on the Bighorn River. The large increase in the 1998 year class between 2000 and 2001 offset the high mortality rates observed in all of the other age classes of fish between these two years, resulting in an average annual mortality rate of 37%, which was close to the normal rate observed in the past.

Table 2. 

Comparison of estimated annual mortality rates (percent change) for brown trout in the standard electrofishing section (RM 3.8-8.0) of the Bighorn River from 1997 to 2001. 
	Age Class*
	
7/97-7/98
	
7/98-7/99
	
7/99-7/2000
	
7/2000-7/2001

	
1
	
+798.5
	
-92.3
	
+25.0
	
-91.0

	
2
	
+140.0
	
+35.2
	
+350.1
	
+878.3

	
3
	
-93.3
	
-96.0
	
-90.0
	
-89.7

	4 & older
	
-100.0
	
-100.0
	
-100.0
	
-98.8

	
Total
	
+10.8
	
-76.6
	
-18.2
	
-37.0


*  Age class indicated is age at the beginning of the time interval.
The total biomass of brown trout in the upper section declined slightly between 1997 and 1998 from 5,333 lbs/mi down to 4,993 lbs/mi. Although the brown trout population estimated in 1998 was over twice the 1997 estimate, the large one-year-old age group in 1998 did not contribute significantly to the total biomass. The brown trout biomass dropped to 2,282 lbs/mi in 1999 and 2,251 lbs/mi in 2000. These numbers were within the range measured through the early 1990's, as the brown trout population recovered from the drought conditions of the late 1980's (Frazer 1999).

As the brown trout population continued to adjust to ongoing drought conditions on the Bighorn, the brown trout biomass in the upper river dropped to only 1,209 lbs/mi in 2001, then increased slightly in 2002 to 1,358 lbs/mi. Although the Bighorn River is a very productive river, a given volume of water can only support a certain biomass of fish over an extended period. The biomass levels were still adjusting to the sustained minimum flow levels of 1,500 cfs. A majority of the brown trout handled in 2002 were 15 in and longer and were in great condition. Most of the brown trout biomass was tied up in a relatively small number of large fish. As these older fish pass out of the system with few smaller fish present to fill in behind them, the total brown trout biomass in the Bighorn could experience another major drop in 2003.

Average lengths of various age classes of brown trout have remained fairly consistent since the sampling period for the standard shocking section was shifted to June in 1992 (Table 3). Past reports have discussed the relationship between flow, water temperature and growth rates in the Bighorn River when sampling was conducted in the fall, near the end of the growing season (Fredenberg 1986). These influences were not as evident when fish were collected in June and July, at the start of the growing season.

Table 3.
Average length (in), by age class, of brown trout from the standard electrofishing section (RM 3.8-8.0) of the Bighorn River during late June - early July 1992-2001.
	Year
	
Age

	
	
I
	
II
	
III
	
IV
	
V+

	1992
	
5.8
	
12.8
	
17.0
	
18.1
	
19.6

	1993
	
5.2
	
12.4
	
15.9
	
17.8
	
19.6

	1994
	
5.3
	
12.5
	
17.0
	
18.3
	
—

	1995
	
4.8
	
12.3
	
16.7
	
18.9
	
20.6

	1996
	
5.5
	
11.6
	
15.7
	
19.6
	
20.5

	1997
	
5.5
	
12.5
	
16.1
	
17.8
	
19.7

	1998
	
5.7
	
11.0
	
15.0
	
16.5
	—

	1999
	
5.8
	
12.0
	
14.9
	
17.5
	
—

	2000
	
6.1
	
11.5
	
15.1
	
17.2
	
—

	2001
	
5.1
	
11.5
	
15.7
	
16.9
	
18.6


Lower Section

The trend of higher brown trout numbers in the lower (St. Xavier) shocking section, first seen in 1994, continued through the end of the decade. The 1998 brown trout population increased to 2,051 per mile, up 21% from the population level reported for 1997 (Frazer 1999). This increase was due entirely to an increase of one-year-old brown trout in the population. The number of two-year-old and older brown trout estimated in 1998 was similar to the number estimated in 1997 (Table 4). Age two brown trout comprised almost the entire older population in 1998, with only 50 three-year-old and older brown trout estimated per mile. Many brown trout apparently move upstream out of the lower river between ages two and three. The 1995 year class declined by 92% in the lower shocking section between 1997 and 1998, but this same year class increased by 140% during the same period in the upper section. This same movement pattern has been apparent with brown trout for several years. Two-year-old fish have generally dominated the brown trout populations in the lower shocking section, while three-year-old fish have dominated the population in the upper river (Figures 2 & 6). The number of 18 in and larger brown trout was estimated at 40 per mile in 1998, which was similar to the 1997 level, and up considerably from 1995 and 1996 levels (Frazer 1999). 

The brown trout population increased again in 1999 to 2,253 7 in and longer brown trout per mile. It was not possible to get a good estimate on fish under 7 in long. Because the one-year-old age class normally starts at about 6 in, the actual number of one-year-old and older brown trout would be even higher. The 1999 population was the second largest brown trout population estimated in the lower shocking section (Figure 6). The number of one-year-old brown trout increased again from the 1998 level, but the population of two-year-old and older brown trout also increased from the 1997 and 1998 levels up to 797 per mile. This was the largest two-year-old and older brown trout population estimated to date in the lower shocking section. Two-year-old fish comprised 73% of the estimated population with three-year-old fish making up most of the remaining 27%. Although the number of three-year-old and older brown trout in the population increased significantly between 1998 and 1999, the number of 18 in and longer trout in the population dropped to only 27 per mile. This decline was partially a reflection of slower brown trout growth rates observed in 1999.

The estimated brown trout population in 2000 dropped to 1,095 7 in and longer brown trout per mile. Again, recapture rates on smaller fish did not allow for an estimate of fish less than 7 in in length. The 51% decline in the brown trout population between 1999 and 2000 was due entirely to a reduction in the one-year-old year class. The estimated population of only 279 age-one brown trout per mile in 2000 was the smallest age-one year class estimated in the lower section since 1989. The weak 1989 age-one year class was a direct result of drought experienced in the late 1980s (Frazer 1990). The weak age-one year class sampled in the lower section in 2000 reinforced earlier discussions that a low one-year-old estimate in the upper river, during a year with low sampling flows, was a strong indication of poor brown trout recruitment from the 1999 year class. Although a good YOY brown trout population was observed in the lower shocking section in the fall of 1999, few of these fish were successfully recruited into the 2000 population in the upper or lower river.

The 2001 brown trout population in the lower section did not show the improved age-one year class seen in the upper river in 2001. Even though there appeared to be a strong YOY age class present in the lower river in the fall of 2000, few of these fish were recruited into the 2001 population. As a result, the estimated brown trout population in the lower shocking section dropped to 643 8 in and longer brown trout per mile in 2001, with the one-year-old year class comprising about 24% of this population. The 2001 estimated population was similar to brown trout population levels reported in 1989 and the early 1990's, as the brown trout population in the lower section began to recover from the drought conditions experienced in the late 1980's. The 1992 and 1993 brown trout populations were dominated by strong age-one year classes, indicating the brown trout population was beginning to recover from the poor recruitment experienced during low flow conditions (Figure 6). A weak age-one year class in 2001, combined with a declining two-year-old and older brown trout population, indicated impacts of the ongoing low flow conditions were still compounding in 2001. This downward trend continued into 2002 with an estimated brown trout population of only 406 6 in and longer brown trout per mile, the lowest estimated brown trout population in the lower river since sampling began on this section in 1984 (Figure 6).

Table 4. 
Estimated number of brown trout per mile, by age, in the lower electrofishing section (RM 17.6-21.6) of the Bighorn River.
	Date
	
Age

	
	
I
	
II
	
III
	
IV+
	
Total

	9/2002
	
(
	
(
	
(
	
(
	
406

	9/20011/
	
153
	
440
	
47
	
3
	
643

	9/20002/
	
279
	
676
	
133
	
7
	
1,095

	9/992/
	
1,456
	
629
	
162
	
6
	
2,253

	9/98
	
1,321
	
680
	
48
	
2
	
2,051

	9/97
	
947
	
606
	
136
	
3
	
1,692

	9/96
	
1,309
	
345
	
70
	
3
	
1,727

	9/95
	
2,374
	
404
	
29
	
—
	
2,807

	9/94
	
1,675
	
292
	
47
	
9
	
2,023

	9/93 2/
	
461
	
122
	
52
	
8
	
643

	9/923/
	
507
	
52
	
9
	
1
	    
569

	12/914/
	
—
	
—
	
—
	
—
	
—

	9/90
	
634
	
35
	
230
	
24
	
924

	9/89
	
182
	
147
	
181
	
76
	
586

	9/88
	
885
	
309
	
196
	
81
	
1,471

	9/87
	
757
	
361
	
194
	
78
	
1,389

	9/86
	
1,201
	
415
	
196
	
53
	
1,866


          1/  8 in and longer


 2/  7 in and longer

          3/  7 to 16 in

          4/   No trout estimate was conducted in the lower section in 1991.
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Figure 6.
Estimated number (and age composition) of brown trout per mile in the 






lower (St. Xavier) electrofishing section (RM 17.6-21.6) of the 






Bighorn River, 1986-2002.  

There were no age data available for 2002, but based on size, there were only about 136 age-one brown trout per mile in the lower river. This estimate included all fish down to 6 in long, so it should have included most age-one fish. Poor recruitment of age-one brown trout into the population in both the upper and lower shocking sections in 2002, despite low sampling flows that should have improved efficiencies in sampling these small fish, showed the serious impacts ongoing low flows were having on the Bighorn brown trout population. The only positive note in the 2002 brown trout estimate in the lower section was a good size distribution in the fish that were sampled. The lack of 6 in to 15 in brown trout observed in the upper shocking section was not evident in the lower section. There appeared to be some small fish available to help fill in the missing year classes noted in the upper river. Total numbers were so low in the lower river, however, that there may not be enough small fish to have much impact over the entire river.        

Although brown trout movement in and out of the lower shocking section has been documented in the past, movement patterns were not as consistent as in the upper section. A significant decline in year class strength was often observed between age one and age two, as in the upper section. In the lower section, however, two-year-old brown trout normally remained the dominant age class in the two-year-old and older brown trout population. Normally, there was another major decline in year class strength between ages two and three (Table 4). In contrast, an increase was often observed in the upper shocking section as age-three brown trout moved upstream. Many larger brown trout apparently moved upstream out of the lower shocking section as they matured, which helped account for the apparent high mortality observed in the lower section, as well as the increase in brown trout year-class strength often observed between ages two and three in the upper shocking section. Movement of older fish upstream from the lower shocking section, combined with continuing impacts of low flow, kept combined annual mortality rates in the lower river between 55% and 64% from 1997 through 2002. Fish populations cannot maintain themselves with this kind of annual mortality over an extended period. The continuing decline in the brown trout population in the lower section since 1999 is a reflection of these ongoing high mortality rates. 

Total brown trout biomass in the lower section increased slightly between 1997 and 1998 to 1,277 lbs/mi and then remained fairly steady at 1,284 lbs/mi in 1999. Although population numbers increased between 1998 and 1999, most of this increase was in one-year-old fish, which have little impact on total biomass. Total biomass dropped in 2000, as would be expected, but the significant increase in two-year-old and older brown trout in 2000 helped keep the biomass at 1,073 lbs/mi. Brown trout biomass dropped sharply with the falling brown trout populations in 2001 and 2002. The estimated brown trout biomass for brown trout 8 in and longer dropped to 651 lbs/mi in 2001, and then to 469 lbs/mi in 2002, including all brown trout 6 in and longer. The brown trout biomass in the lower shocking section in 2002 was down 69% from the high of 1,491 lbs/mi recorded in 1994. 

Summary and Discussion – Brown Trout

Estimated brown trout numbers in the standard shocking section on the upper Bighorn River experienced considerable year-to-year fluctuations through the 1990's. Much of the annual fluctuation was due to average annual variations in age-one year-class strength. The brown trout population estimate in the upper river reached an 11 year high in 1998, then dropped to new record lows in 1999 and 2000, with a slight increase in 2001. Ongoing drought conditions resulted in another major drop in brown trout numbers in 2002. One-year-old brown trout comprised almost half of the 1998 population in the upper river, but very small percentages of the 1999 and 2000 populations. Even thought the 1999 and 2000 population estimates set new record lows for their time, these estimates were dominated by two-year-old and older fish, which were the fish of interest to anglers. Despite lower total estimates for these two years, estimated numbers of the larger fish were still greater than previous estimates of two-year-old and older brown trout recorded in 1992, 1994, and 1995. The 2001 estimate showed a stronger age-one year class, but the number of two-year-old and older brown trout dropped to a new record low. In 2002, it was not possible to get an estimate on brown trout less than 9 in in one, which excluded the age-one fish. The number of two-year-old and older brown trout estimated in 2002 was up slightly from the 2001 estimate, but without any age-one fish in the estimate, the total brown trout estimate dropped to a new low in 2002. 

Frazer (1990) discussed the effects of drought flows in the Bighorn River in 1988 and 1989, which dewatered critical side channel areas. Dewatered side channels reduced important spawning and rearing habitat and forced small fish out into the main channel with a strong population of larger trout, where predation became a major factor in survival. The latest drought problems began in the Bighorn Basin in 1999. Through conservative management of Yellowtail Reservoir, however, the BOR was able to maintain river flows close to the minimum recommended fisheries flow of 2,000 cfs through the spring of 2001. Flows then started to drop, reaching the absolute minimum flow of 1,500 cfs by late September 2001. River flows have remained at or below this level ever since. The brown trout population in the upper Bighorn reached the second highest level ever recorded in 1998, just prior to the drought, and the population of two-year-old and older brown trout remained fairly strong through 2000. Populations of two-year-old and older brown trout in the lower section were consistently high during the late 1990's reaching a new record high in 2000. As a result, good numbers of large brown trout were present in the river when low flows began dewatering important rearing habitat and forcing small trout out into the main channel. Predation again became a major factor affecting trout population numbers in the Bighorn. Some yearling brown trout were still collected during electrofishing on both the upper and lower river through 2002, indicating brown trout were still successfully spawning in the river. Recruitment of these small fish into the population was very limited, however, as indicated by an almost total lack of 6 in to 15 in brown trout, especially in the upper shocking section. With less competition from smaller brown trout and more small trout available as forage, the condition of the remaining large brown trout continued to improve.   

A comparison of age-one year-class strength in the upper section to river flows during sampling found a very strong inverse relationship. The higher the flows, the lower the shocking efficiency for one-year-old brown trout. The strong age-one year-class in 1998 occurred during relatively low flows, while the very weak age-one year-class in 1999 occurred during high flows. Brown trout numbers in the lower river took a major jump in 1994 with a very strong age-one year class estimate. The lower shocking section continued to produce strong age-one year classes every year through 1999, even in years when the age-one year class was poor in the upper river. This evidence provides additional confirmation that outside factors such as sampling flows were influencing age-one estimates in the upper river. The fact that year-class strength often increased in the upper river as the year class aged was another indication that numbers of small fish were generally being underestimated. The strong age-one year class in the lower section along with the apparent movement of older fish into the upper shocking section continued to show the importance of the lower river in supporting the fishery in the upper river. 

The one-year-old brown trout estimate in the upper shocking section was low in 2000 despite low flows during shocking. This observation provided the first evidence that brown trout recruitment in the upper Bighorn was poor in 2000. A low estimated age-one year class in the lower section in the fall of 2000 reinforced this premise. Flows during the 2001 shocking operation in the upper river were even lower than 2000 sampling flows. The estimated population of age-one brown trout increased over 2000 levels, but was still well below levels estimated during the 1990's, when flows were near 2001 levels. Flows were at record low levels during shocking operations on the upper river in 2002, yet numbers of small brown trout were too low to allow an estimate on fish less than 9 in long.

The lack of smaller brown trout to fill in behind the older fish as they age out of the system will likely result in further brown trout population decline in the future. When river flows return to normal, and the remaining trout populations are spread over a much larger volume of water, angler success rates could drop significantly. Even with improved flow conditions, the recovery of the Bighorn brown trout fishery could be slow due to the reduced number of adult spawners left in the river.  

Rainbow Trout

Upper Section

Past reports (Frazer 1990, 1999) have discussed how two strong year classes of rainbows in 1985 and 1986 helped build the rainbow trout population in the Bighorn River to a new level of around 1,000 rainbows per mile. These strong year classes matured and spawned in the early 1990s. The resulting increase in rainbow spawners produced two more strong year classes, which showed up as strong age-one year classes in 1994 and 1995. These two new, strong year classes helped raise the rainbow population in the upper river to a new high. Past work on the Bighorn River has indicated that some of the best rainbow year-classes have been produced during low water years (Frazer 1999). The only real low-water year during the 1990's was 1994, when the year class was the strongest ever documented. The rainbow population reached a new high in 1997 at 2,318 age-one and older rainbows per mile (Figure 7). A very strong three-year-old year class of 1994 fish dominated this population. The estimated number of three-year-old rainbow in 1997 was higher than the total rainbow population estimated in the upper river for any year prior to 1997 (Table 5). The second strongest contributor to the 1997 population was the four-year-old fish from a strong 1993 year class. One- and two-year-old rainbows comprised less than 9% of the 1997 population.

As previously discussed, the flow levels during sampling can influence capture success for one-year-old brown trout. Although this relationship was not quite as good for rainbow, the general trend held. Sampling success for small rainbow declined as flows increased. Sampling flows in 1997 were the highest experienced since 1992 (Figure 3). The weak age-one year class in the upper river in 1997 was likely due more to poor sampling efficiencies on small fish than to poor recruitment. A strong age-one rainbow year class was observed in the lower shocking section in the fall of 1997.  

 Table 5.

Estimated number of rainbow trout per mile, by age, in the standard electrofishing section (RM 3.8-8.0) of the Bighorn River.

	Date
	
Age

	
	
I
	
II
	
III
	
IV
	
V+
	
Total

	6/20021/
	
—
	

—
	
—
	
—
	
—
	
—

	6/20012/
	
—
	

—
	
199
	
289
	
50
	
538

	6/20002/
	
—
	

—
	
286
	
826
	
48
	
1,160

	6/993/
	
—
	

209
	
701
	
231
	
30
	
1,171

	6/98
	
246
	

240
	
569
	
532
	
27
	
1,614

	6/97
	
57
	

86
	
1,601
	
516
	
58
	
2,318

	6/96
	
33
	
370
	
302
	
202
	
50
	
957

	6/95
	
427
	
102
	
292
	
290
	
94
	
1,205

	6/94 4/
	
600
	
110
	
231
	
260
	
123
	
1,324

	6/93 4/
	
41
	
5
	
426
	
289
	
287
	
1,049

	6/92
	
224
	
490
	
187
	
102
	
11
	
1,014

	12/91
	
—
	
—
	
—
	
—
	
—
	
—

	9/90
	
54
	
13
	
488
	
321
	
36
	
912

	9/89 5/
	
—
	
52
	
591
	
482
	
69
	
1,194

	9/88
	
68
	
354
	
373
	
139
	
26
	
960

	9/87
	
342
	
400
	
148
	
111
	
15
	
1,016

	9/86
	
355
	
78
	
171
	
97
	
38
	
739


 1/   No estimate available for 2002

 2/   15 in and longer
 3/    11 in and longer

 4/   Poor estimates


 5/   13 in and longer 
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Figure 7.
Estimated number (and age composition) of rainbow trout per mile 





in the standard electrofishing section (RM 3.8-8.0) of the Bighorn 





River, 1986-2001.

The 1998 rainbow population estimate dropped to 1,614 age-one and older rainbows per mile. Although this was a 30% decline from 1997, the 1998 estimate was still the second largest rainbow population estimated in the upper Bighorn River (Figure 7). The 1998 rainbow population was again dominated by three- and four-year-old fish. The four-year-old population, consisting of fish from the 1994 year class, was the largest four-year-old rainbow population estimated to date on the upper Bighorn River (Table 5). Populations of one- and two-year-old rainbows were also up from levels seen in 1997 (Figure 7). Flow levels were down during shocking in 1998, which increased shocking success on these smaller fish.

The 1999 electrofishing data did not allow estimates of rainbow less than 11 in long, thus removing all of the one-year-old rainbows and some of the two-year-old fish from the estimated population. Flows were again high during 1999, which reduced shocking efficiencies on the smaller rainbow. The 1999 rainbow estimate was 1,171 11 in and longer rainbows per mile. Three-year-old fish spawned in 1996 dominated this population. This 1996 year class appeared as a weak age-one year class in the upper shocking section in 1997, but showed up as a strong year class in the lower shocking section. 

In 2000, no marked fish under 15 in long were recaptured, so it was not possible to estimate rainbow less than 15 in long. Even the 15 in and larger estimate was marginal due to the low number of recaptured fish in this size range. Based on age data, the 15 in and longer estimate included only three-year-old and older rainbows. The rainbow estimate for 2000 for rainbows 15 in and longer was still 1,160 fish per mile. This estimate beat that of the three-year-old and older rainbows in both 1998 and 1999, even though some three-year-old rainbows under 15 in long were not included in the 2000 estimate.

As previously discussed in the brown trout section for the upper Bighorn, 2000 was the first year since 1992 when the age-one brown trout estimate was low, despite a low flow during shocking. This decline was a strong indication of poor recruitment of the 1999 brown trout year class into the population. The 2000 rainbow population also appeared to have experienced poor recruitment, because few small rainbows were even seen during sampling. A few more yearling rainbows were seen during spring electrofishing in the standard section in 2001, but again, no small marked fish were recaptured. As a result, it was again only possible to estimate the numbers of rainbows 15 in and longer in the population. The 2001 estimate of 538 15 in and longer rainbows per mile was a 53% drop from 2000 for the same age group of fish (Figure 7). 

The 2001 rainbow trout estimate was the lowest reported for the upper shocking section since 1986; but, for three-year-old and older rainbows, it was comparable to estimates calculated during much of the mid-1990's, and better than estimates in the late 1980's (Table 5). Continuing low flows in the Bighorn appeared to be having an impact on the rainbow population in the river, but the strong rainbow year classes produced during the late 1990's helped maintain the population of larger rainbows at a reasonable level through 2001. The major problem was the lack of recruitment of young rainbows into the population to back up these older fish.

The impacts of the drought on the Bighorn River's rainbow trout population continued to intensify in 2002. Despite low flows, which made the rainbow shocking efficiencies quite high, there were not enough marked rainbows recaptured to allow any kind of reasonable estimate to be calculated. A total of 484 rainbows were handled during three days of marking and three days of recapture. Only 8 of 266 marked rainbows were recaptured, and all recaptured fish were between 17.2 and 19.4 in long. Eleven and one-half percent of the rainbows handled during the 2002 mark/recapture effort were yearling fish under 5 in long, indicating some successful rainbow spawning was still occurring. Like brown trout, however, very few of these yearling fish were actually being recruited into the population. Only two rainbows between 5 and 14 in, and only 7 rainbows between 5 and 15 in were handled during the six days of electrofishing. This lack of medium-sized trout could mean poor fishing in the future as older fish age out of the system. The rate at which the Bighorn trout populations rebuild, once river flows improve, could be limited by the number of spawning-age trout left to take advantage of these improved conditions.

Previous reports have discussed the evidence that rainbow trout move in and out of the shocking section between years, but these movement patterns have never been consistent (Frazer 1999). Recent movement patterns have provided strong evidence that the population in the upper shocking section is being supplemented by older-aged rainbows moving into the shocking section. The movement of additional fish into the section between years makes it difficult to establish true natural mortality rates for rainbows over time. Several examples of rainbow movement are illustrated in Figure 8. 

The 1994 year class showed up as a fairly strong age-one population in 1995. This year class declined by 13% as an age-two population in 1996, then increased 333% as age-three fish in 1997. The 1994 year class comprised 69% of the record rainbow population estimated in the upper section in 1997. The 1995 year class appeared as a very weak age-one year class in 1996. The estimate for this year class of fish increased by over 160% as two-year-old fish in 1997, although total numbers were still small. Between 1997 and 1998, the 1995 year class increased by over 560% and comprised 35% of this large population. The same pattern was evident with the 1996 year class, which first showed up as a weak age-one year class in 1997. Year class strength increased over 320% as two-year-old fish in 1998 and almost 200% as age three fish in 1999. The estimated number of fish in the 1996 year class increased by over 1,100% between one and three years of age, and this year class comprised almost 60% of the estimated population of rainbow 11 in and longer in 1999. The 1997 year class produced an estimated population of 246 age-one rainbow per mile in 1998 (Table 5). This year class declined slightly as two-year-old fish, but increased above the 1998 level in 2000, even though the 2000 estimate included only 15 in and longer rainbows and probably missed some three-year-old fish. The 1997 year class remained at essentially the same level into 2001 when the year class comprised almost 54% of the estimated rainbow population of fish 15 in and longer.

Rainbow trout biomass in the upper river declined by almost 50% in 1998, down to 2,298 lbs/mi. This decline from the record high of 4,471 lbs/mi in 1997 was the result of the 1997 population consisting mostly of three-year-old and older rainbows. The 1998 biomass estimate was still near the upper end of rainbow biomass reported for the upper river in the past. The 1999 biomass estimate dropped again to 1,692 lbs/mi. These numbers only include rainbows 11 in and longer. The 2000 rainbow biomass increased to 2,040 lbs/mi, even though this estimate only included 
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Figure 8.
Examples of movement of various year classes of rainbow trout into







the standard electrofishing section during succeeding years of shocking.

fish 15 in and longer. The rainbow biomass estimate for 2001 was again only for 15 in and longer fish, but it dropped sharply from 2000 levels down to 928 lbs/mi. Many of the larger fish seen in 2000 were passing out of the system, with very few small fish recruiting into the population. No biomass estimates were available for 2002.

Frazer (1999) discussed the increasing presence of rainbow in relation to brown trout in the upper river. The biomass estimate for 15 in and longer rainbows in 2000 comprised 47.5% of the total trout biomass in the upper river. If all the smaller rainbows were included, rainbow trout biomass in the upper river probably equaled or exceeded brown trout biomass in 2000. The 2001 brown trout estimate for the upper river included all fish 4 in and longer, while the 2001 rainbow estimate only included fish 15 in and longer, yet the rainbow biomass still constituted 43.4% of the total trout biomass estimated in 2001. Again, if all small rainbows were included as biomass, rainbows probably comprised close to half the total trout biomass on the upper Bighorn River. 

The number of 18 in and longer rainbows declined from the record level of 877 per mile observed in 1997 down to 361 per mile in 1998, and further down to 164 per mile in 1999. The number of  "trophy-sized" rainbows in 1999 was the lowest estimated in the upper river for a number of years, even though three-year-old fish made up a large part of the population. The average length of three-year-old rainbows dropped from 17.0 in in 1997 down to only 15.8 in during 1999. Four-year-old rainbows dropped from 19.0 in to 18.1 in during this same period (Table 6). Many of the three-year-old rainbows contributed to the  "trophy-sized" population in 1997, but most were less than 18 in during 1999. The average size of the two-year-old and older year classes of rainbows continued to decline in 2001. This reduced growth rate continued to show up in the older age classes of rainbows in 2001 (Table 6). The average length of four-year-old rainbows dropped below 18 in long in 2000, with the number of 18 in and longer rainbow dropping to 270 per mile. The major decline in the total rainbow population in 2001, combined with continuing slow growth rates for older rainbows, reduced the number of 18 in and longer rainbow to only 79 per mile, a new record low since upper river sampling was switched to June in 1992. No rainbow estimate was possible in the upper river in 2002.

Table 6. 
Average length (in) by age class of rainbow trout from the standard electrofishing section (RM 3.8-8.0) of the Bighorn River during late June - early July 1992-2001.
	
YEAR
	
AGE

	
	
I
	
II
	
III
	
IV
	
V
	
VI+

	
1992
	
5.6
	
13.7
	
17.2
	
19.3
	
21.1
	
21.7

	
1993
	
4.3
	
13.6
	
18.1
	
19.9
	
20.0
	
20.2

	
1994
	
4.7
	
13.1
	
17.5
	
19.3
	
19.9
	
19.9

	
1995
	
3.8
	
13.5
	
16.8
	
18.8
	
20.2
	
20.1

	
1996
	
5.0
	
12.1
	
16.7
	
18.9
	
20.0
	
—

	
1997
	
4.8
	
13.2
	
17.0
	
19.0
	
19.4
	
—

	
1998
	
5.1
	
12.7
	
16.8
	
17.8
	
19.5
	
—

	
1999
	
       —
	
12.5
	
15.8
	
18.1
	
18.8
	
—

	
2000
	
5.5
	
11.9
	
15.2
	
17.4
	
18.6
	
—

	
2001
	
3.8
	
13.0
	
15.8
	
17.1
	
18.5
	
—


Lower Section

Similar to the upper river, the lower shocking section experienced effects of the strong rainbow year classes produced in 1985 and 1986 that helped build the Bighorn rainbow population to a new level in the early 1990's. Beginning in 1990, the lower section experienced a number of years with strong age-one year classes, indicating good recruitment to the rainbow population (Figure 9).

The 1998 estimated rainbow population in the lower shocking section dropped to 700 age-one and older rainbows per mile, which was the lowest total rainbow population estimated in the lower section since 1989 (Figure 9). This decline was due entirely to a weak age-one year class. The number of two-year-old and older rainbow estimated in 1998 was the second highest estimate for this age group in the lower shocking section (Table 7). 

The 1999 estimated rainbow population increased to 904 age-one and older rainbows per mile with the help of a strong one-year-old year class. The estimated number of two-year-old and older rainbows dropped to 436 per mile in 1999, which was down from the 1998 estimate, but still over twice the 1995 estimate for this age group. 
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Figure 9.
Estimated number (and age composition) of rainbow trout per mile in 





the lower (St. Xavier) electrofishing section (RM 17.6-21.6) of the 





Bighorn River, 1986 – 2002.

The estimated rainbow population in the lower river dropped to 520 rainbows per mile in 2000. Sampling on the lower river suffered the same problem experienced on the upper river in 2000, with few smaller rainbows present in the river. The 2000 estimate only included fish 10 in and longer. One-year-old rainbows in the lower shocking section normally run between about 7 in and 12 in long, so the 2000 estimate excluded a significant part of the age-one population. If all one-year-old rainbows were included, the 2000 rainbow estimate would probably be comparable to numbers seen in 1998 and 1999. The estimated number of two-year-old and older rainbows increased slightly in 2000 (Table 7). 

Although it was not possible to estimate the number of smaller rainbows in 2000, over 10% of those captured during mark/recapture efforts were YOY fish, indicating good spring spawning success. River flows were down in 2000, and past work has indicated low-flow years were often good for rainbow recruitment. The lack of smaller rainbows in the population observed in the upper shocking section in 2001 was also evident in the lower section. It was only possible to estimate the number of rainbows 13 in long and longer in the lower shocking section in 2001. The strong YOY year class observed in the lower section in 2000 did not carry over as a strong age-one year class in 2001. The estimated rainbow population in the lower shocking section dropped to 436 13 in and longer rainbows per mile in 2001 (Figure 9). The 2001 population was the lowest recorded since 1989, but this estimate only included two-year-old and older rainbow. When comparing estimates for two-year and older fish, the 2001 estimate was only slightly lower than those for this same age group observed in 1999 and 2000 (Table 7).

The 2002 estimate for rainbow trout in the lower section did not show the same negative impacts of low river flows observed for brown trout in both the upper and lower shocking sections and for rainbows in the upper section (Figure 9). The 2002 rainbow population in the lower river was estimated at 588 rainbows per mile, up from both 2000 and 2001 estimates. The 2002 estimate included all rainbow 6 in and longer, however, with enough small rainbows captured to provide a good estimate for all size classes. No age data were available for 2002, but based on length-frequency distributions, it appeared that this population included approximately 20% YOY 

rainbows and over 40% age-one rainbows. Approximately 1/3 of the estimated population, or around 200 rainbows per mile, was left as two-year-old and older fish. It was encouraging to capture enough small rainbows in the lower section to allow the calculation of a reliable estimate, but at the same time, the estimated population of two-year and older rainbows was the lowest recorded in this river section since 1993 (Table 7).

Table 7. 
Estimated number of rainbow trout per mile, by age, in the lower electrofishing section (RM 17.6-21.6) of the Bighorn River.
	Date
	
Age

	
	
I
	
II
	
III
	
IV
	
V+
	
Total

	9/2002
	   
(
	
(
	
(
	
(
	
(
	        588

	9/20011/
	   
—
	
104
	
330
	
3
	
(
	   
436

	9/20002/
	   
54
	
330
	
125
	
12
	
—
	   
520

	9/99
	   
468
	
73
	
285
	
76
	
2
	   
904

	9/98
	   
123
	
338
	
222
	
18
	
—
	   
700

	9/97
	   
763
	
92
	
317
	
4
	
—
	   
1,176

	9/96
	
243
	
490
	
171
	
14
	
—
	
919

	9/95
	
984
	
114
	
68
	
20
	
10
	
1,196

	9/94
	
600
	
241
	
69
	
33
	
2
	
945

	9/93
	
745
	
4
	
84
	
30
	
1
	
864

	9/92 1/ 
	
—
	
128
	
42
	
7
	
—
	
178

	12/913/
	
—
	
—
	
—
	
—
	
—
	
—

	9/90
	
649
	
43
	
138
	
62
	
—
	
892

	9/89
	
111
	
84
	
46
	
55
	
34
	
330

	9/88
	
233
	
76
	     
126
	
   18
	
2
	
     455

	9/87
	
185
	
276
	
19
	
31
	
—
	
511

	9/86
	
345
	
25
	
71
	
14
	
2
	
457

	
	
	
	
	
	
	


1/  
13 in and longer only


2/   
10 in and longer

3/   
No trout estimate was conducted in the lower section in 1991

Rainbow movements and mortality rates in the lower shocking section were more like what would be expected in a natural system during this sampling period. There were two incidents where there appeared to be movement of year classes of rainbow into the lower shocking section.  The two-year-old year classes of rainbow increased by over 140% between 1997 and 1998, and 71% between 1999 and 2000 (Table 8). All other times and age groups experienced annual mortality rates ranging between 15.7% and 100%. The combined annual rainbow mortality was 50.1% between 1997 and 1998, 37.7% between 1998 and 1999, and 48% between 1999 and 2000 (Table 8). These annual mortality rates were comparable to annual rainbow mortalities reported for the lower section in the past (Frazer 1999). Lack of estimates for smaller rainbows in 2000 and 2001 and lack of age data for 2002 made it impossible to calculate mortality rates between these years. Some of the apparent mortality in the lower section was probably due to fish leaving the shocking section and moving upstream.   

Table
8.  
Comparison of estimated annual mortality rates (percent change) for rainbow trout in the lower electrofishing section (RM 17.6-21.6) of the Bighorn River from 1997 to 2000. 

	Age Class*
	
7/97-7/98
	
7/98-7/99
	7/99-7/2000

	
1
	
-55.1
	
-40.7
	
-29.0

	
2
	
+141.3
	
-15.7
	
+71.0

	
3
	
-94.3
	
-65.8
	
-96.0

	4 & older
	
-100.0
	
-88.9
	
-100

	
Total
	
-50.1
	
-37.7
	
-48.0


* Age is age at the beginning of the time interval.
The large number of two-year-old and older rainbows in the population in 1998 helped keep the total rainbow biomass at 987 lbs/mi, which was close to the level seen in 1997. The record rainbow biomass estimated for the lower shocking section was 1,146 lbs/mi in 1996, the year with the highest estimated two-year-old and older rainbow population. Total rainbow biomass declined to 884 lbs/mi in 1999, and dropped again to 684 lbs/mi in 2000. The 2000 estimate included only fish 10 in and longer. Rainbow biomass dropped again in 2001 to only 592 lbs/mi, but this estimate included only 13 in and longer rainbows. The 2002 rainbow biomass estimate dropped to 408 lbs/mi even though the 2002 estimate included all fish 6 in and longer. The decline in biomass observed in 2002 was a reflection of the major drop in numbers of two-year-old and older rainbows in the population. The contribution of rainbows to the total trout biomass in the lower section between 1998 and 2002 ranged from 37.7% in 2000, when the rainbow estimate only included fish 10 in and longer, to 47.6% in 2001, when the rainbow estimate only included 13 in and longer fish, and the brown trout estimate included all fish 8 in and longer. If all trout were included in the biomass estimate, it is likely rainbows would have contributed at least half of the total trout biomass on the lower river in 2001. 

Summary and Discussion – Rainbow Trout

The 1998 rainbow population in the upper shocking section was down 30% from the record rainbow population level reported in 1997, yet the 1998 rainbow population was still the second highest rainbow estimate calculated for the upper Bighorn River. Populations of larger rainbows held up well through 1999 and 2000, but sampling success dropped off for smaller rainbows. In 1999, it was only possible to calculate an estimate in the upper shocking section for rainbows greater than 11 in long. The lack of success on smaller rainbows in 1999 was probably more related to high river flows during the shocking operation than to a missing year class. Electrofishing in the lower shocking section in the fall of 1999 found a strong age-one year class of rainbow. In 2000 and 2001, it was only possible to calculate estimates on rainbows 15 in and longer in the upper shocking section. The first significant drop in the population of larger rainbows was observed between these two years. At the same time it was only possible to estimate numbers of rainbow greater than 10 in long in 2000 and greater than 13 in long in 2001 in the lower river. Despite the lack of smaller fish, populations of larger rainbows held up fairly well through this period. In 2002, only 8 of 266 marked rainbows were recaptured during three days of electrofishing in the upper shocking section. All of these recaptured rainbows were between 17.2 and 19.4 in long. These limited data made it impossible to calculate a good rainbow estimate on the upper river for 2002. 

Approximately 11% of the rainbows handled during mark/recapture efforts on the upper river in 2002 were yearling fish, indicating the rainbows were still successfully spawning. Like brown trout, however, these young fish did not appear to be recruiting into the population. Only 7 rainbows between 5 and 15 in long were handled during 6 days of electrofishing in the upper shocking section in 2002. As discussed with brown trout, predation on small trout by the remaining large trout appeared to be a key factor affecting trout populations in the Bighorn River during extended low flows. 

The rainbow population in the lower shocking section actually increased between 2001 and 2002. A good size distribution of rainbows was sampled on the lower river in the fall of 2002, with enough recaptures to allow a good estimate for fish down to 6 in long. These data showed there were still some small- and medium-sized rainbows left in the Bighorn River to help fill in missing year classes observed on the upper river. Numbers of these younger trout were low enough after several years of poor flows, however, that it may take some time for trout populations in the river to rebuild, even when flow conditions return to normal.

Angler success will probably continue to decline on the Bighorn River in the near future as the remaining older trout pass out of the system. The cumulative impacts of extended low flows on the trout population will take time to reverse, even when flows return to normal. The first year river flows return to normal could produce the lowest angler success of all, as the remaining low numbers of trout are spread over a much greater volume of water.  

MANAGEMENT RECOMMENDATIONS

· Continue annual sampling on both the upper and lower Bighorn to monitor trout population changes in relation to ongoing drought conditions, and to document changes in population structure between rainbow and brown trout as the river recovers from the drought.

· Publicize observed changes in the Bighorn trout populations caused by continuing low flow conditions so anglers are expecting a possible drop in angler success as the river refills and the remaining trout are spread through a much larger volume of water.

· Continue to work closely with the Montana Area Office of the BOR to maximize river flows as much as possible during drought conditions, while working to maintain water level stability during spawning for both rainbow and brown trout.

· Continue to encourage the BOR to improve flow measuring capabilities in the Bighorn River downstream of the Afterbay Dam to reduce or eliminate shift changes resulting from changes in bottom vegetation.

· Continue monitoring for whirling disease through periodic sampling of young fish and placement of test cages in the river. The spread of zebra mussels in the Bighorn should be monitored.

· As the Bighorn River fishery recovers from the ongoing drought, rainbows may become a more dominant part of the Bighorn trout population. If this occurs, consider future regulation changes to allow some kind of rainbow harvest in the special regulations section upstream of Bighorn FAS.

· Because public access is an important issue on the Bighorn River, evaluate all new real-estate offerings along the river as to their potential of providing additional public access. 
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